This Oval Window 
Holds Two 500 
Insulated es 





o a o 

Get it in any rating! 
There is plenty of room for conductors in Allis- 
Chalmers 600-volt outdoor-indoor current transform- 
ers. Every rating has this same big oval window 1% 
by 2% inches — large enough to hold two 500 MCM 
stranded conductors with 600-volt insulation. 

In addition, units are compact and lightweight. In- 
stall them singly or in multiple, in standard instru- 


ment transformer enclosures or outdoors. You can Removable Short-Circuiting Device... 


mount them in any position — they have special pro- Can be Added to Units in Service 
vision for different methods of mounting. It is possi- 


ble to get a number of ratings from a single unit by A useful operating option has been added to Allis- 
passing primary conductor through window more Chalmers thru-type current transformers. A short- 
than once. Type TWM transformers come in the fol- circuiting device fits the secondary terminal block: 
lowing ratings: 200 to 5 amp, 400 to 5 amp, 600 to 5 with straps turned to short-circuiting position, 
amp, and 800 to 5 amp. cover cannot be replaced. Device is supplied on 

Get all the facts. Ask your nearby A-C office for a all units, can easily be removed if desired. It = 
copy of 61B8080 or write Allis-Chalmers, Milwaukee readily adaptable to any transformer in service. 
1, Wisconsin, A-4546 


«© ALLis-CHALMERS 
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ANOTHER OKONITE FIRST: 
the first American-built 230 kv Oilostatic 
high-pressure oil, pipe-type cable system 


230 KV TERMINATIONS IN OUTDOOR SWITCHYARD 


; CROSS SECTION 
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Access tunnel to power plant 
cavern is at right. Dotted line 
indicates underground route 
of Oilostatic cable tunnel. 


230 KV TERMINATIONS IN POWER CAVERN 
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Okonite’s leadership in the development of high-tension cables is 
again demonstrated by the manufacture of a 230 kv Oilostatic cable— 
the first American-built 230 kv high-pressure, pipe-type cable 
system. This cable, recently shipped, was ordered in March, 1951, 
for installation at the Cubatao Underground Power Plant of the 

Sao Paulo Light and Power Company Limited, Sao Paulo, Brazil. 


The underground power plant, utilizing a hydrostatic head of 

2,300 feet, is located in a cavern 600 feet inside a mountain. 

Four Oilostatic circuits of single conductor, 500 MCM, 0.835-inch 
paper-insulated, shielded, D-shaped copper wire armored cables will 
carry the output of the four 65,000 kw generators being installed. 
A separate tunnel from the power plant to the switchyard is 
provided for the cable circuits and the control cables. 


Oilostatic high-pressure oil, pipe-type systems are self-supervising, 
easy to install and require negligible maintenance. For complete 
installation and operation information, write to 

The Okonite Company, Passaic, N. J. 





Schematic Cross-Section of 230 kv 
Oilostatic Cable System 
Cubatao Underground Station, Sao Paulo, Brazil. 


Available with either copper or aluminum conductors 


ONITE insulated cables 


2591 
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Summer Meeting. As this issue is being 
distributed many of our members and 
their guests are enjoying attendance at the 
1955 Summer General Meeting in Swamp- 
scott, Mass. In addition to all the rec- 
reational facilities offered by the meeting 
hotel, the New Ocean House, and the 
historical interest of the surrounding area, 
the more serious aspects of the meeting are 
being well taken care of by an extensive and 
diversified technical program and a number 
of inspection trips of both technical and 
general interest. 


Coming Meetings. Plans for the In- 
stitute’s Pacific General Meeting, to be held 
August 15-18 in Butte, Mont., are being 
formulated. Some 18 technical sessions 
are being featured, as well as inspection 
trips to Anaconda’s smelter and Kelly 
Mine (p. 670). Other forthcoming meet- 
ings include the Petroleum Technical 
Conference in Houston, Tex., and the 
Instrument Conference in Los Angeles. 


Middle Eastern District. AITEE’s Colum- 
bus Section entertained some 703 persons 
at the Middle Eastern District Meeting 
in May. Twenty-one technical sessions 
were held, in addition to the General 
Session and an all-day session for students. 
Highlight of the program for the ladies 
was tea at the Governor’s Mansion (fp. 
608-10). 


Fellows Elected. Short biographies of 
seven men recently elected to the grade of 
Fellow in the Institute are included in this 
issue. Among these are B. G. Ballard of 
Canada’s National Research Council and 
Westinghouse’s Roy L. Brown (pp. 678-27). 


Switching of Substation Capacitor Banks. 
A control scheme that utilizes a conven- 
tional single-phase voltage relay, modified 
by the addition of a current winding or 
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dropping resistor, has been developed for 
automatically switching large banks of 
substation static capacitors as a unit, for the 
purpose of voltage control and power factor 
correction (pp. 586-8). 


Transistor Demodulator for Magnetic 
Amplifiers. The transistor demodulator 
described in this article is a stable detector 
and demodulator which can operate at 
signal voltage levels as low as 20 millivolts 
and as high as 30 volts rms with low drift in 
the range from —65 to +75 C. It is 
suitable for use in a synchro-controlled 
system as it can be combined with a stable 
full-wave magnetic amplifier (pp. 590-2). 


Insulated Conductor Bibliography. The 
AIEE Committee on Insulated Conductors 
in 1949 began the compilation of a bibli- 
ography which was published in 1954. 
Since the technique evolved by the com- 
mittee is innovational and may be adapted 
to other subjects, a description of this par- 
ticular attempt to methodize reference ma- 
terial is published to encourage other tech- 
nical committees to undertake similar proj- 
ects (pp. 567-9). 


Need for a National Science Policy. Free 
enterprise, the American system, is best 
described in terms of productivity; and 
productivity is the sum of new knowledge, 
new techniques, new skills. In turn, it is 
research which creates these new tech- 
niques and skills, and if an atmosphere con- 
ducive to research is to be maintained in 
the United States, then there is need for a 
national science policy to preserve and 
strengthen our democratic institutions 
(pp. 563-6). 


A Multistable Transistor Circuit. This 
article describes a method of multistable 
operation which requires only two active 
elements for any number of statically stable 
states. This provides an economical ap- 
plication of transistors to counter circuits 
(pp. 570-2). 


Radiation Counter for Beta Particles. 
A cadmium-sulfate crystal mounted in a 
hypodermic needle provides a small prac- 
tical conduction-type radiation counter. 
It offers many advantages over counters of 
this type (pp. 595-8) 


Impulse Tests on the Low-Voltage Wind- 
ings of Distribution Transformers. These 
tests are considered in terms of fault de- 
tection, transient behavior of distribution 
transformers, and transients to which the 
transformer may be subject in service. An 
impulse test is described which properly 





Bimonthly Publications 


The bimonthly publications, Communica- 
tion and Electronics, Applications and Industry, 
and Power Apparatus and Systems, contain the 
formally reviewed and approved numbered 
papers presented at General and District 
meetings and conferences. The publica- 
tions are on an annual subscription basis. 
In consideration of payment of dues, mem- 
bers (exclusive of Student members) may 
receive one of the three publications; ad- 
ditional publications are offered to mem- 
bers at an annual subscription price of 
$2.50 each. Nonmembers may subscribe 
on an advance annual subscription basis of 
$5.00 each (plus 50 cents for foreign postage 
payable in advance in New York exchange). 
Single copies, when available, are $1.00 
each. Discounts are allowed to libraries, 
publishers, and subscription agencies. 





stresses both the high- and low-voltage 
windings of the smaller distribution trans- 
formers (pp. 573-7). 


Utility Engineering—Its Problems and 
Opportunities. The way utility engineer- 
ing is misleadingly underestimated and the 
economic significance of the electrical 
utility industry are pointed out. The im- 
portance and challenge of the present and 
future problems in electrical engineering 
utility are ably demonstrated (pp. 559-62). 


Dielectric Behavior of Certain Fluoro- 
gases and Their Mixtures With Nitrogen. 
The test setup and procedure are presented 
together with a discussion of the dielectric 
strength of pure fluorogases and with nitro- 
gen added, and the impulse strength of 
fluorogas-nitrogen mixtures, and additional 
advantages of such admixtures are given in 
the conclusions (pp. 580-4). 


Basic Problems in Film Pickup for TV 
Broadcasting. Many important prob- 
lems of television film reproduction are 
treated in terms of film characteristics, 
film camera types and television projectors, 
the quality characteristics of film cameras, 
other elements of the film reproducing sys- 
tem, corrective devices and methods, a 
Vidicon color-film camera system, and 
conclusions (pp. 600-04). 





Membership in the American 
Institute of Electrical Engineers, 
including a subscription to this 
publication, is open to most elec- 
trical engineers. Complete in- 
formation as to the membership 
grades, qualifications, and fees 
may be obtained from Mr. N. S. 
Hibshman, Secretary, 33 West 39th 
Street, New York 18, N. Y. 
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News of new developments In 


K line of circuit breakers 


now made through 





3000 amp continuous, 
75,000 amp 
interrupting at 
600 v a-c 


The new Type KD Air Circuit Breaker 
extends I-T-E’s established three-high 
line of K breakers. It is an extremely 
compact metal panel breaker which 
incorporates the proved performance 
and generous safety factor of the KA, 
KB and KC breakers. As an integral 
part of .I-T-E switchboard design, it 
offers the additional advantage of 
accessibility in minimum space. 





KC Circuit Breaker 
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I-T-E Low Voltage $ 


Circuit breaker interrupting ratings 
increased in keeping with 
proposed industry standards * 


You save, because these standards reduce switchgear 
costs by permitting the use of lower interrupting rating 
breakers for short circuit protection in 240 v a-c and 
480 v a-c systems. And with smaller breakers you save 
space, too. Uprating of I-T-E Types KA, KB, KC, KD 
and LG Air Circuit Breakers is shown in the accom- 
panying chart. 





New compact breaker design saves space > 


All I-T-E Type K Circuit Breakers can now be assem- 
bled three-high. KA, KB and KC frame widths remain 
the same as before. However, the new KD breaker 
is 6 in. narrower than the old LG frame, and can 
be arranged in a three-high compartment, space being 
thus provided for instrumentation in the same frame. 


For complete information, contact your nearest I-T-E 
field office. Or write I-T-E Circuit Breaker Company, 
19th and Hamilton Sts., Phila. 30, Pa. 








I-T-E CIRCUIT BREAKER COMPANY - Switchgear Division 





witchgear 








Test position with doors closed 
4 now standard on new switchgear 


Test position with no increase in over-all switchgear 
depth! This facility is by far the most convenient, most 
compact design on the market. It is an exclusive with 
I-T-E Switchgear, yet it costs no more. Additional 
advantages are increased safety, reduced maintenance, 
improved cleanliness, easier circuit identification. 
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AEPCO 


KEPCO Voltage Regulated 
Power Supplies are conserva- 
tively rated. The regulation 
specified for each unit is avail- 
able under all line and load 
conditions within the range of 
the instrument. 


REGULATION: As shown in 
table for line fluctuations from 
105-125 volts and load varia- 
tions from minimum to maxi- 
mum current. 


SPECIAL FEATURE: Provision 
is made for picking up the 
error signal directly at the 
load, compensating for the vol- 
tage drop in external wiring. 


Model 2600 





OUTPUT VOLTS CURRENT 


REGULATION 


RIPPLE 

















1 0-60 0-2 Amp. 


5 Mv. 





1 Mv. ff 





Model 2650 





OUTPUT VOLTS CURRENT 


REGULATION 


RIPPLE | 











1 0-60 0-5,Amp. 





5 Mv. 





1 Mv. 





Presents 2 New 
VOLTAGE 
REGULATED 
POWER SUPPLIES 


4 & Rass, 


~ 30 MODELS 


FROM 


AVAILABLE 
\ STOCK. COMPLETE 
\ CATALOG ON REQUEST 


\ 


\ 
\ 


WRITE DEPT. 13 


o@ -3 2g Oj oe Ey NV -Teo] 7: wage). ii 


131-38 SANFORD AVENUE + FLUSHING 55, N.Y. »* INDEPENDENCE 1-7000 
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See how Ozone 





ordinary 


but not U. S. Grizzly Uskorona-insulated power cables 


Here’s an illustration showing how ozone can chew up a 
sturdy, rugged cable. This can never happen with United 
States Rubber Company’s famous Grizzily® power cables, 
insulated with Uskorona® compound which prevents elec- 
trical failure caused by ozone (Uskorona-1 oil base com- 
pound and Uskorona-2 butyl base compound). Uskorona 
meets (and in many ways exceeds) the applicable IPCEA 
specifications for ozone-resistant rubber insulation. 





U.S. Grizzly Uskorona-insulated Power Cable, 15,000 
volts, Type RR, 3 conductor, shielded, Neoprene jacket 


U> 





U.S. Grizzly ozone-resistant power cables are typical of 
the wires and cables “U.S.” develops to meet the ever- 
increasing rate of expansion of electrical generation and 
construction. “U.S.” is always ready with new products to 
meet new demands and is always developing, as a matter of 
policy, wires and cables that are more economical because 
they are more serviceable. 





Send for free illustrated book 
giving full information 
about U.S. Electrical Wires 
and Cables for the Electric 
Utility Industry. 











UNITED STATES RUBBER COMPANY 


ELECTRICAL WIRE & CABLE DEPARTMENT, ROCKEFELLER CENTER, NEW YORK 20, N, Y, 
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©1955, Jack & Heintz, Inc. 





Military specification numbers as used herein are 
for purposes of product identification only and do 
not necessarily imply specification conformity. 


For use on high performance jet aircraft, the new 
Jack & Heintz Model H60-164is a two-pole tachom- 
eter generator designed to meet MIL-G-9398. 

By utilizing special design elements, this gen- 
erator operates accurately at the higher altitudes 
and critical heat associated with advanced flight. 
It provides reliable and accurate engine speed in- 
dication not attainable through the use of present 
conventional units at a temperature of 450° F. 

The special design features which enable J&H 
to give this performance are: 

1. Heat-treated, magneto-type ball bearings. 
. Teflon-insulated magnet wire. 
. Wide temperature range greases for operation from —90° 

Fto +525° F. The new J & H unit has a breakaway torque 


of only 1 to 2 inch-pounds after 48-hour soak at —90° F 
as contrasted to the specified 12 inch-pounds. 


In the past five years, Jack & Heintz has sup- 
plied over 100,000 small, lightweight, perma- 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


ENGINEERS: Write for free booklet describing u 


nent-magnet a-c tachometer generators to 
the Military, aircraft engine and accessory 
manufacturers and commercial airlines. The 
entire product line includes sensing units 
and power sources for: 

1. Rpm indication 

2. Propeller synchronization 

3. Aircraft engine analyzers 

4. Electronic jet-engine fuel controls 

5. Turbine power packages 
Whether you want a tachometer generator 
or any type of small permanent-magnet a-c 
generator, look to J & H for the answer. For 
complete information, write Jack & Heintz, 
Inc., 17622 Broadway, Cleveland 1, Ohio. 
Export Department: 13 East 40th Street, 
New York 16, N. Y. 


Sos 








nusual opportunities for you at Jack & Heintz. 
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Ask a Lineman! 


WIRE COVERED WITH “BAKELITE” POLYETHYLENE 
WEIGHS LESS ¢ PULLS EASIER ¢ STRIPS FASTER 


No one knows better than “the man on the hooks” how BAKELITE Brand 
Polyethylene makes his job easier! 

The excellent mechanical and electrical properties of BAKELITE Poly- 
ethylene compounds permit smaller diameters in line wire—for easier 
handling. These wax-smooth materials stay tough and flexible at —70 
deg. C.... resist deformation in temperatures as high as 90 deg. C. 
BAKELITE Polyethylene won't festoon. It resists oil, grease, alkalies, most 
strong acids, abrasion and mildew. Tests with the black compound indi- 
cate a service life of several decades. 

Get all the facts on BAKELITE Polyethylene for use in wire construc- 
tion by writing Dept. JE-55. Ask for Kabelitems No. 48. 


For Line Wire, Signal Systems and Service Drop— wet or dry—the power 
factor of Baxe.ite Polyethylene (black compound) is only 0.004 at 25 deg. C.; 
dielectric constant is 2.5. Electrical properties of polyethylene resin stay con- 
stant through a frequency range of 60 cycles to 50 megacycles. Temperatures 
in the vicinity of 90 deg. C. have little effect on electrical properties. Volume 
resistivity is so high it can be measured only by very sensitive instruments. Volt- 
age breakdown resistance is excellent, even after long-term water immersion. 


. 





BAKELITE 


POLYETHYLENE 
FOR WIRE COVERING 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [[4§30 East 42nd Street, New York 17, N. Y. 


In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 


The term Bake rre and the Trefoil Symbol are registered trade-marks of UCC 
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9A 


for 
HEARING 


AIDS 


or 
RECORDING 
HEADS 


or ANY MAGNETIC MATERIALS JOB... 








Whitt for 
You Copy 
“MAGNETIC. 

MATERIALS” 


This 32-page book contains valuable 
data on all Allegheny Ludlum mag- 
netic materials, silicon steels and spe- 
cial electrical alloys. Illustrated in full 
color, includes essential information 
on properties, characteristics, applica- 
tions, etc. Your copy gladly sent free. 


ADDRESS DEPT. EL-67 








You can re/y on core materials like 
the Allegheny 4750 components illus- 
trated above, in your receivers, record- 
ing heads or microphone assemblies. 

In fact, whether your equipment is 
small or large, the extra-broad line 
of A-L magnetic materials will solve 
your magnetic core problems. It in- 
cludes all grades of silicon steel sheets 
or coil strip, as well as Allegheny 
Silectron (grain-oriented silicon steel), 
and a wide selection of high-permea- 


bility alloys such as 4750, Mumetal, 
Permendur, etc. 

Our service on these materials also 
includes complete facilities for the 
fabrication and heat treatment of 
laminations. (For users of electrical 
sheets and strip, our lamination 
know-how is a real bonus value!) 
Either way, we'll welcome the 
chance to serve you. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 


STEELMAKERS to the Electrical Industry 





Allegheny Ludlum 


wéD 5335 
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LOW VOLTAGE 
ACROSS-THE-LINE 
MOTOR STARTERS 


Rowan Low Voltage, Across-the-line Motor 
Starters of the 780 Series are built to meet the 
requirements of NEMA Type XI and modi- 
fications are available for special applications. 
Their dependable performance under severe 
atmospheric conditions make them ideally 
suited for use in industries such as chemical 
plants, oil refineries, steel, cement and paper 


mills. 


Incorporated in the 780 Series are such features 
as: easy access for inspection and maintenance; 
interchangeability of component parts with 


other starters of the same frame size. 


Starters of the 780 Series are available in many 
combinations due to many variable components 
such as: safety disconnect switch, overload 
relays, Rowan AIR-SEAL fuses and wiring 


seal-off compartment. 





Type 780 KBF, Frame 50 


OWAN CONTROL 
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SeC Metalclad equipment was 
chosen for this job because it 
served the purpose so ade- 
quately ... especially with S&C 
engineering to assure the pro- 
tection and operating conven- 
iences required. 


Here it was desirable to con- 
trol the switching from a point 
several blocks from the actual 
installation. Accordingly S&C 


~S =i\ 
a 
4 \4 | fT 
1\ / 
Ls 
e 


Load Interrupters were sup- 
plied with hydraulic operators 
to permit remote push-button 
control. 


For the sake of appearance 
as well as protection against 
lightning and weather, it was 
preferable to have all the gear 
enclosed. An even more compel- 
ling reason for enclosing the 
gear was the unavailability of 








S&C Metalclad equipment takes up to 50 feet along the roof of one 
of the American Motors buildings in Kenosha, Wis. Bay 1 
contains the two incoming lines providing primary preferred and 
emergency throwover service at 34.5 ku. Bays 2, 3, and 4 are 

bus connected to 1200 kva 3-phase transformers. 


™S, 
i 


fe 


ground space for openstructure. 


When it was decided that 
metalclad equipment should be 
used, mounted above a build- 
ing roof, it was immediately re- 
alized that the unit should be 
as small and compact as pos- 
sible to minimize the require- 
ment for supporting structure. 


All of these considerations 
pointed to S&C Metalclad 
equipment as the logical choice 
. . . for convenience, for ap- 
pearance and for protection. 
This was the judgment of Mr. 
Charles Pflug, Plant Engineer, 
and also of the utility engineers 
with whom he consulted. 


S&C was happy to co-operate 
in designing and building the 
outstanding installation pic- 
tured at left. 















UTILITY ENGINEERING 
Problems and Opportunities 


PHILIP SPORN 


FELLOW AIEE 


The arguments aimed at -ambitious young engineers to convince them that electrical utility 
engineering has little to offer are examined and shown to lack solid factual support. 








However, 


considerable evidence is presented showing the economic significance of the electrical utility in- 


HERE IS A PREVAILING NOTION, particu- 


engineers just embarking on their careers, that elec- 
trical utility engineering is of 
no great significance; or if it 
is, that it offers very little 
excitement or opportunity to 
a serious, able, and ambitious 
young engineer for productive 
work and for growth and de- 
velopment. Utility engineer- 
ing here means engineering as 
carried out by the many elec- 
trical utility organizations. 
While some of these are very 
large, a great many are much 
smaller; and yet their lack 
of size does not give them any 
exemption from having to 
contend with the many prob- 
lems, or a good many of the 
problems, with which the 
larger organizations have to 
deal. 

The general line of reason- 
ing behind this putative state 
of affairs in utility engineer- 
ing is a 4-forked one. First, 
there is the altogether too 
common notion that there 
are no real problems of any size, complexity, or significance 
in utility engineering. Indicative of that state of mind is 
the opinion publicly expressed some years ago by one 
engineer and government administrator, very prominent 
nationally, that electrical utility systems are fundamentally 
much simpler than a shoe business. . Again, it is frequently 
stated that, if any problems did exist, they were all solved a 
long time ago, so that all there is to do today is to go to a 
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dustry and the wide variety of challenging problems and opportunities it poses. 


report or a bookshelf and take down the solution just as one 
larly prevalent among engineering students and young would take down a package of carriage bolts. 
not satisfy an insistent or persistent inquirer, he is informed 
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If this does 


that, “Well, all new engineer- 
ing, if any has to be done, is 
done by the electrical and 
mechanical and other manu- 
facturers anyhow.” Thus, ob- 
viously, no engineering re- 
mains to be performed by any 
members of a utility engineer- 
ing organization. Finally, if 
this last argument does not 
stand up, one is always con- 
fronted with the statement, 
**You will have to admit what- 
ever utility engineering there 
is to be done is much too pro- 
saic: certainly there is no ex- 
citement in doing it.” 
other words, it has—to use 
a much-abused phrase—no 
**glamour.” 

This is so formidable a line 
of argument that it would be 
particularly impressive if the 
facts were available to make it 
good. Unfortunately, or per- 
haps fortunately, the facts are 
not so at all and therefore, 
the argument, ingenious as it is, simply falls down for lack 
of any solid factual basis of support. 

One of the reasons, perhaps, why such bad thinking 
is common on the utility engineering problem is the 
failure to appreciate the economic significance of the opera- 
tion of the electrical utility systems of the country. It was 
not so long ago that the steam railroads were the basic 
industry of the United States. Yet, with a much later and 
much slower start, the electrical utilities of the country 
pulled up to the railroads in plant investment in 1952 when 
the figures for both reached an approximate value of 
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$25 billion. Since then, electrical utility investment has 
pulled far ahead of the railroads. 

Even more significant in this connection is an examination 
of the investment of the electric power industry relative to 
some of the other basic industries, a number of them being, 
admittedly, in the more ‘“‘glamourous” category. When 
one compares the investment figures in these for the year 
1953, for example, against the investment in the power 
industry one finds: 
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If the electric power industry investment for 1953 is ex- 
amined and compared with that in all manufacturing cor- 
porations’ facilities over all of the United States, the electric 
power investment is found to be close to 15 per cent of the 
total. Even more striking is this fact: The total investment 
expenditures made in 1952 in electric power facilities were 
about 22.5 per cent of the total investment expenditures in 
plants and equipment of all manufacturing corporations in 
the United States, and in 1953 the figure rose to 23.5 per 
cent. 

If anything further were needed in the way of statistics 
to bring out sharply the great and deep economic signifi- 
cance of the electrical utilities to the economy of the United 
States, it is this: At the end of 1954, after approximately 75 
years of growth and development of the electrical utility 
industry, total investment in their facilities reached a figure 
close to $30 billion. Competent and serious students of the 


indicated developments that are ahead in the field of power, 


all more or less agree that there is good reason for the con- 
clusion that some time within the next 20 to 25 years the 
utility systems’ facilities will have to be approximately 
quadrupled, and the investment will go up in about the 
same ratio. 

Starting from an investment base of $30 billion, it is ob- 
vious that in this period it will be necessary to bring about a 
net additional investment of some $90 billion; the gross in- 
vestment will obviously be considerably greater. 

It would thus appear from the foregoing data that the 
question of economic significance of the electrical utility 
industry today cannot be a matter of argument, and that 
perhaps there is very good reason for the belief that as time 
goes on the industry may become the most important single 
industry in the United States. It will command such a 
position, perhaps, not so much on the basis of value of 
annual product, but particularly on the score of capital 
investment, and on the basis of the fundamental pervasive 
character of electric power and the complete involvement 
that electric power is going to have, to a much greater 
extent in the future than even today, in every phase of 
activity and living in the United States. 


WHAT ELECTRICAL UTILITY ENGINEERING INVOLVES 


WHAT IS UTILITY SYSTEMS ENGINEERING and how does it 
differ from the engineering carried out by the manu- 
facturers? It is quite clear that the manufacturers’ re- 
sponsibility is to design and build equipment or parts of 
equipment utilized in building utility systems. Utilities 
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engineering is concerned with planning, building, operating, 
and maintaining the utility systems which are, in turn, 
composed of numerous components—many of them built 
by manufacturers, but a great many others put together by 
the utilities themselves out of essential raw materials like 
steel, concrete, pipe, conductor, etc. There is, however, 
this limitation: that whereas the manufacturers frequently 
do the conceiving and the designing, and almost always do 
the building of the equipment, they are in no position to 
know what to plan to build, or what to plan to develop, 
until the utilities system engineers have done their part and 
have indicated what it is that they will need or want. 
The latter is the function of the utility engineer. The 
proper carrying out of that function by the utility engineer 
involves study and planning of his power system. And 
that involves a constant study and understanding of short- 
and long-term political and economical developments both 
national and international; study of population growth and 
population shifts; study and understanding of social, 
economic, and ecologic factors of various areas; thorough 
knowledge of the industries basic to each area or region 
served and of the possibilities of promoting growth and de- 
velopment of the existent industries and of the establishment 
of new industries. 

Indispensable to the planning of any power system is a 
basic study of fuel supply: white coal, fossil fuels, and, al- 
most in the offing, nuclear fuels—their availability, their 
transportation, and their purchase on short- and long- 
term arrangements. 


OPPORTUNITIES IN UTILITIES ENGINEERING 


THE STUDY AND PLANNING of the system proper starts with 
the power plant and carries on through the transmission 
system, gets down to the distribution facilities, and ends up 
with the utilization system. This is a big undertaking. 

In the study and development of generation itself: 
What fuel resources to employ? How and where to 
build power plants? What size plants to build? What size 
units to build? What kind of thermodynamic cycle to 
employ, and more particularly what temperature, pressure, 
superheat, reheat to use? What voltage to employ as a 
generating voltage? How to give physical embodiment to 
the plant? What basic plan of construction? How 
excavate? How found? How control river rise and fall 
and abnormal rise? To answer all of these questions 
properly involves almost all phases of engineering, and calls 
for the solution of many problems of great difficulty and 
complexity. 

Similarly there are many difficult engineering problems 
in transmission: The planning of the transmission system 
itself—how and where to build the lines? What voltage 
to employ? What form to give structures, whether single 
or double, or multicircuit type? How to tie transmission 
systems into subtransmission and distribution systems? 
How most effectively to utilize each to its economic limit? 
All of these individually and—even more so—collectively 
are difficult problems. 

The problems encountered in utilization and in distribu- 
tion are not less numerous, bothersome, and important. 
In utilization—in the field of electric energy as in no other 
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item of economic use—consumption has to take place 
before manufacture, and consumption can only take place 
through the utilization medium. Thus, the utilization 
medium and the associated system of wiring are indis- 
pensable elements in any kind of electric power operation. 
In the distribution field, it is significant that of all the ele- 
ments involved in the basic power supply chain outside of 
utilization—¢generation, transmission, and distribution— 
distribution is by far the most expensive of the three and 
takes the largest investment of the three. 
are the greatest opportunities and perhaps the greatest 
difficulties. And the field is almost entirely the utility 
engineer’s. 

Thus, whether examined from the standpoint of economic 
significance or economic value or from the standpoint of the 
allocation of problems between the manufacturing and the 
utility system engineering organization, there would seem 
to be no question that opportunities of every kind and va- 
riety and of unlimited scope are available to the engineer, 
if the qualified judgment of the extent of growth and de- 
velopment that lies ahead for the electrical utilities is ac- 
cepted. 


Here, therefore, 


ECONOMIC INDEX OF OPPORTUNITIES AVAILABLE 


PERHAPS THE FOLLOWING SIMPLE ARITHMETICAL EXAMPLE 
will bring home the importance of, and opportunities in, 
engineering and in development of economic usefulness of 
new engineering ideas in the field of electric power supply. 
A number, perhaps more than a half dozen, electrical utility 
systems are today approaching the point of annual output of 
close to 20 billion kwhr, and the prospect of these values 
growing not to 4 times the present values, but to a more 
moderate figure of 2'/» times, is extremely bright, and in a 
relatively short period—something of the order of 12 to 15 
years. With a system having an input of 50 billion kwhr 
per year, a saving in generation, that is, an improvement in 
efficiency of heat conversion, of only 100 Btu per kilowatt 
hour represents an annual value of $1 million with fuel at 20 
cents per million Btu and $1.5 million with fuel at 30 cents 
per million Btu. In this same kind of system, a saving in 
costs other than fuel of only 0.01 mil per kilowatt-hour rep- 
resents an annual value of $500,000 and a saving of 0.1 
mil per kilowatt-hour represents the staggering annual 
value of $5 million. Certainly, where economic prizes of 
that sort are available, the attractiveness of the effort to 
bring about such an economic gain would appear to be 
almost irresistible. 


SPECIFIC EXAMPLES OF OPPORTUNITIES 


IT MUST BE ADMITTED that some of the discussions given 
previously are perhaps on the general side, and it may 
very well be that there is reason for skepticism as to whether 
solid and substantial opportunities exist in the field of 
utility engineering, when the problem is restated on a more 
specific basis. There is some point, therefore, to expanding 
the discussion of the problems on a more specific plane. . If 
one attempts to do that, one of the first things one is con- 
fronted with is an assumption as to the kind of electric 
power system one visualizes for the future. 

The discussions presented alluded to the informed judg- 
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ment that a quadrupling of present capacities and, there- 
fore, electric energy generated and distributed over or 
within the relatively short interval of 20 to 25 years is a 
reasonable expectation. A discussion of specific problems 
to be encountered can, therefore, be carried out best against 
a background of 2,000 billion kwhr as the annual utility 
production some 25 years hence. Just fixing that point 
makes possible a reasonably realistic examination of the 
many elements of the power supply problem that will 
confront the planners and builders of the power system in 
the United States and the engineers of the electrical utility 
systems. And this begins to show not only what is already 
known, but perhaps what is lacking and, therefore, where 
the opportunity lies—by research, by inventiveness, to 
solve and thus help bring into being these very much larger 
power systems of the future. 

When the power systems of the future are examined 
against this background, one of the first conclusions that 
one is forced to is that fundamentally the American power 
systems of that time will, to a large extent, continue to be 
powered by conventional or fossil fuel-burning stations. 
Furthermore, there is today every indication that coal will 
have to carry an increasingly greater share of the burden as 
the availability of gas and oil declines. The problems of 
mining and transporting the tremendous quantity of coal 
which will be required for electric generation alone—a 
figure which 25 years from now will be perhaps 25 per cent 
greater than the entire output of coal in the United States in 
1954—certainly will require a great deal of thought and 
effort to solve. Underground gasification and increased 
mechanization in the mines are but two avenues of approach. 
But of particular importance to electrical utility engineers 
will be the problems created by wastes which may be re- 
leased to the atmosphere as a result of burning large amounts 
of coal in concentrated areas. This problem itself has two 
aspects: meteorological, relating to dispersion of the gases 
and fine-particulate products of combustion; and chemical, 
relating to the toxicity of the wastes themselves. 

Now, what about atomic power? Although it will be 
some time before nuclear fuel will be economically com- 
petitive with coal as a primary energy source—and this is 
particularly true since a nuclear technology cannot be built 
up overnight, while progress in conventional means of 
electric energy production will continue—one must think in 
terms of the efforts needed to bring about competitive 
atomic power in the future. Although as already pointed 
out, coal will still be the principal energy source of the elec- 
tric power systems of the quarter century ahead, atomic 
power will nevertheless play a role in the production of the 
2,000 billion kwhr visualized, but not until a lot of prob- 
lems have first been solved. There are today electrical 
utility engineers actively engaged in research directed 
towards their solution and these efforts will have to be 
maintained and expanded. There is, for example, the 
Shippingport project where the heat to power a 60,000-kw 
steam turbine-generator will be developed from an atomic 
reactor. Much will be learned from this and other in- 
stallations in the future through building and operating 
them. But the problems to be solved are numerous and 
difficult. There is the problem of radioactive waste dis- 
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posal; there are the problems of reactor technology and 
materials; and there are many problems created by the 
inherently hazardous nature of a nuclear reactor. All these 
are Challenging and will require basic research in many 
fields. Since the utility engineer will be responsible for 
the final product, he cannot avoid his share of participation 
in working out the solutions. 

The established trend of the efficiency of converting pri- 
mary fuels into electricity has been upward for many years. 
Steam pressures have been increased from the 300-600 
pounds per square inch (psi) level of a comparatively few 
years ago to the 2,000-2,300 psi of today’s new equipment, 
with an accompanying increase in thermal efficiency so 
that in 1954 the most efficient steam-electric station had a 
heat rate of 9,100 Btu per kilowatt-hour. It has been 
evident, however, for some time that, if further gain was to 
be brought about economically, it would have to be brought 
about by a bold step forward. Such a step has been taken 
and there is well along in construction today on the Ameri- 
can Gas and Electric Company system a super-critical pres- 
sure turbine-generator which will operate at 4,500 psi and 
whose thermal efficiency will be 40 per cent. In further 
prospect there are pressures as high as 15,000 psi which 
will be accompanied by higher temperatures and higher 
efficiencies. But this region is today an unknown one, as 
regards the properties of water and other materials. Not 
only will research and development have to be carried out 
to extend our knowledge of the behavior of water and steam, 
but also the properties of the materials that will go into the 
boilers and turbines will have to be studied; new alloys 
will have to be developed and tested. In this work, too, 
the utility engineer will have to play a leading part. 


In the field of transmission of electric energy, a great deal 
of progress has been made in recent years towards the 


development of higher voltage systems. Increased power- 
system loads, increased size of generating units, concen- 
tration of generating capacity and, very importantly, a 
need to develop transmission capacity as economically as 
possible have all been factors in the decision to take the 
step to higher voltages. On the American Gas and Elec- 
tric Company system, there is the substantial beginning of a 
330,000-volt transmission system in operation today which 
will, when completed, serve as the backbone transmission 
for a power system with a peak of 15 million kw and an 
annual system input of over 90 X 10° kwhr. That this 
and perhaps still higher voltages will have to be extensively 
utilized in the 2,000-billion-kwhr-per-year systems of 25 
years hence is almost axiomatic. One need only ponder on 
the relatively mere 471 billion kwhr produced by utility 
systems in the United States last year to realize its inevitabil- 
ity. A great deal of work has been done in developing the 
technology of this ultrahigh-voltage transmission, but a 
great deal more remains to be done. Particularly reward- 
ing will be a more extensive knowledge of the fundamental 
nature of the corona and ionization phenomena which 
accompany the use of very high voltages. 

Finally, the field of energy utilization presents many 
fascinating and challenging problems. An outstanding 
example is one encountered in the development of electric 
house heating and air conditioning. It seems certain that 
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eventually all heating and air conditioning will be done by 
electricity alone or in combination with solar energy. The 
devising of an economical and efficient means of heat 
storage will be a great step forward in bringing about this 
development. The incentives for this are numerous. 
Perhaps the most exciting is the one that can easily be de- 
rived from a consideration of the conservation of primary 
fuels. If it is assumed that 67 per cent of the energy in 
fuel is converted to heat when burned directly for heating, 
then it is simple arithmetic to show that a heat pump with a 
coefficient of performance of 3'/2, when supplied from an 
electric power system whose thermal efficiency of generation 
is 40 per cent and whose transmission and distribution 
efficiency is 80 per cent, will result in a saving in original 
fuel of over 40 per cent. Obviously the rewards of such 
an accomplishment are of great significance to the entire 
economy. But here, too, the utility engineer has an in- 
dispensable part to play. 

Accomplishments of the past, and the developments of the 
future—of which those just mentioned are but a few—did 
not and will not just come about: They have been and will 
be the result of continuing thought, basic research, sound 
forward-looking engineering, and a great deal of effort. 
When consideration is given to the basic and ubiquitous 
role of electricity in our economy, one cannot fail to realize 
the importance and challenge of the problems ahead in 
electrical utility engineering. 








Water-flow patterns in a pump test at the Westinghouse Electric 
Corporation Steam Division laboratory show effects of intake tun- 
nels bringing circulating water into electric-power generating 
stations. The pump-test circuit determines effects of pump 
submergence, inlet-flow turbulence, and design variations of 
pump components. Pump operation is studied under dynamic 
conditions in this closed-circuit facility which tests models up to 
12 inches in diameter with 3,000-gallons-per-minute capacity. 
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a National Science Policy 


J. E. HOBSON 
FELLOW AIEE 


Technological development has produced for 
America the highest standard of living in history, 
but technology depends, in turn, on research. 
Thus, if our tremendous rate of production is 
to be continued, a national science policy must 
be formulated which will foster and maintain 
those conditions under which research can 
best be carried on. 


REDOMINANT in our modern American civiliza- 
Pp tion, setting it apart from other civilizations and other 
times, are two unique and enduring capabilities. 
The first is the capability to free men from their spiritual 
and physical bonds. The second is the capability to confer 
material well-being through technological advancement. 
Technical development has brought to the western world, 
and especially to America, material wealth, ease, abund- 
ance, pleasure, and a standard of living hitherto undreamed 
of throughout all history. 

Productivity, measured in goods produced per man- 
hour of effort as well as in dollars per man-hour, is the 
source of our high standard of living. In turn, scientific 
and technical knowledge, research and development 
activities, new industrial techniques, management skills, 
and labor efficiency are the ingredients of productivity. 

Although productivity is the core of economic expansion, 
research is at the core of productivity, for it is research 
which creates new products, new processes, and techniques; 
which creates whole new industrial and consumer patterns. 
It is applied research which keeps our industrial machine, 
our free economy, thriving and virile. Research multiplies 
our natural resources. Research seeks, finds, analyzes, 
and applies facts which enable us to extend our limbs 
and our senses, to have dominion over much of the physical 
world. 

At the present time, research is going forward at a rate 
that is probably somewhat in excess of $4 billion annually. 
In the 1920’s annual expenditures were about $100 million, 
and in the 1930’s about $200 million. In the early 1940’s 
the rate jumped to about $900 million, and since then, 
with the enormous impact of war- and defense-inspired 
research programs, the rate has steadily increased to its 
present level. The rate for 1953 was $3.8 billion. 

Heretofore, these effects have been difficult to discern 
in more than general terms. However, the National 
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Science Foundation is conducting inquiries to put research 
expenditures into a proper perspective with other elements 
of the economy. The following figures should be credited 
to Dr. Raymond H. Ewell, assistant director of the National 
Science Foundation on leave from Stanford Research 
Institute. Implicit in this attempt to calculate the earned 
dividend on each dollar invested in research is the notion 
that if our economic, and therefore political, strength is 
dependent on productivity, so is productivity dependent 
upon research. It represents the first attempt to estimate 
quantitatively the economic return of research on a na- 
tional basis. 

One approach assumes that all research had been halted 
during the period 1928 through 1953 and, consequently, 
that the average national economic growth rate was 2.5 
per cent per year instead of the actual 3 per cent. The 
cumulative loss in gross national product would have been 
$400 billion for the 25-year period. The actual cost of 
research and development in the United States during 
that same period, however, was about $30 billion, indicat- 
ing a return on research investment of 13 to 1, 1,300 
per cent. 

Looked at another way, the National Science Founda- 
tion has computed that research and development con- 
ducted from 1928 to 1953, the same 25-year period, con- 
tributed a minimum of $43 billion to the gross national 
product in 1953—more than half of it in the categories 
of new products and lowered production costs alone. 
Over the same period research expenditures averaged 
$1.2 billion yearly. Comparing average investment with 
minimum return in one year, the ratio is 36 to 1. 


NEED FOR A NATIONAL SCIENCE POLICY 


THE NEED for a national science policy is clearly and 
simply to preserve, strengthen, and renew our democratic 
institutions through the free enterprise system that makes 
them possible. Some of its dimensions are suggested by 
plotting the curve of our national productivity. Its rise, 
of course, coincides with the curve of the whole economy: 
with employment, construction, consumer spending, and 
capital expenditure; with all the other accredited indexes 
of national health and prosperity. Increased produc- 
tivity springs from technological advance, the progress 
of science and the applied industrial arts. 

The picture, however, is not quite complete. From 
technology to productivity to prosperity and security, the 
steps fit together snugly. There appears to be no neces- 
sity, nor even an appropriate opportunity, for keying in 
some new national science policy. Government and 





563 











industry, manufacturers, retailers, and consumers, all, 
by implication, already support financial and organiza- 
tional policies designed to promote applied research and 
the advances in technology and material wealth that follow. 
It is this urge to progress, of course, which keeps our 
competitive economy rich and strong. The 
production machine we have built is proof enough of the 


tremendous 


success we have achieved. 

Technology, it appears, pays off. And where does 
technology spring from? What is the original source of 
so-called progress? ‘Technological advance, fantastic rates 
of production, technical wizardry—progress, if you will— 
all spring from new knowledge, new excursions into the 
unknown; from new facts about the physical world, the 
solar system, the universe we live in. New knowledge 
and new facts are revealed only by prodigious and pains- 
taking efforts in basic, pure, fundamental research. This 
is the area in which a national policy, a national under- 
standing and willingness to act, can and must become 
active. 

All of our technology, all of our engineering, our high 
level of productivity are not enough. They cannot main- 
tain themselves and breed upon themselves indefinitely. 
In their present state they cannot hope to supply food, 
clothing, shelter, and medicine for a world whose in- 
habitants will soon be counted in many billions. They 
cannot provide them with livelihood. They cannot even 
promise them survival. 

Behind every technological advance lie years of patient 
experiment, observation, and deduction. Every new 
industry, new product, new system, or new technique is 
based on an early effort in fundamental scientific explora- 
tion. 


THE RETURN ON RESEARCH 


ACHIEVEMENTS in fundamental science occur because 
of ideas, intuitions, doubts, and assumptions fermenting 
in gifted and restless minds which are capable of addressing 
themselves simply and freely to the innermost secrets of 
nature to the end that men may have new resources of 
knowledge to adapt for their convenience and pleasure, 
so that ultimately men may live together in comfort and 
peace. In our time, basic research investigations into 
atomic structure have given us nuclear power; into elec- 
tromagnetism have given us radar and television; into 
aerodynamics have given us supersonic aircraft; into the 
properties of crystals have given us transistors. Basic re- 
search lay behind electric light, the internal combustion en- 
gine, steam power. And it is basic, fundamental research 
that explores the origin and nature of cosmic rays, the 
forces that contain and bind the nucleus, the riddle of photo- 
synthesis and of the semiconductor, heat transfer, radio- 
active waste disposal, the blinding power of the sun. 

It is clear that all technological history has been built 
upon advances in fundamental knowledge. A national 
science policy, which is to say a national frame of mind, an 
attitude of government and of the governed as well, must be 
so conceived and directed as to create and maintain an 
atmosphere in which fundamental scientists of the highest 
caliber are encouraged to think, explore, and experiment, to 
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push back the boundaries of the unknown and the limita- 
tions of the known, to discover new facts, to provide new 
knowledge for engineering and industrial applications. 

What is the return on fundamental research? The 
truth here, of course, is a paradox. One answer is that 
there is no payoff in immediate, tangible, or attributable 
profit. The other answer is that no giant brain yet con- 
ceived can conceive of a giant brain able to make even a 
guess at the magnitude of return. It is hard to put a price 
on gravity, or to tot up the dividends paid by the quantum 
theory. We cannot build a bridge of dollars across an 
electromagnetic field; no accounting system can evaluate 
the worth of relativity. But history is an open record. To 
whatever extent man has mastery over matter, to whatever 
extent he can control his environment or capture natural 
forces for his own use, his debt is to fundamental research. 

Yet, the dollar sign is important to fundamental research 
and to national science policy. Salaries and expenses must 
be met, working space provided, laboratories equipped, and, 
above all, there must be time. What is fundamental re- 
search worth? We do have a kind of yardstick, pitifully 
smal] though it is. Total research expenditures by industry 
and government were $3.8 billion in 1953, almost exactly 1 
per cent of gross national income. But only 7 per cent of 
government research dollars went to fundamental research, 
only 8 per cent of industry’s dollars. At the most, then, 
0.08 per cent of national income was expended in support of 
fundamental research. 

Although there is urgency about the need for new policies 
which will redress this situation, care must be taken to keep 
out any hint of expediency. Crash programs will not 
work. It is not a matter of adjusting budgets and time 
schedules for a year or 2 years or 5 years. Wisdom and 
education, experience and experimentation, are not subject 
to the pressures of time. Neither industry nor government 
can anticipate or require specified results within a specified 
time. On the other hand, the well is bottomless. In the 
words of Dr. Willard F. Libby of the Atomic Energy Com- 
mission, ‘The principle of research is such that it leads to 
new research, to new investigations and to new queries, to 
new understanding and new thought. We cannot imagine 
that fruitful research will ever lead to a satiation or to an 
exhaustion or termination of the scientific fields.” 


THE ROLE OF GOVERNMENT 


Po.icies become a practical matter in execution and im- 
plementation. If the need is acknowledged, how shall it be 
met? First, what shall be the role of government? Our 
government does have science policies, progressive and en- 
lightened ones as far as they go, as far as government can 
comprehend the crisis. Tax laws have been revised to per- 
mit research expenditures to be treated as current expenses, 
or to be capitalized and written off within 5 years. Con- 
tributions for research and for scientific education are de- 
ductible tax items. The Federal Government supports 
vast research programs through the Department of Defense 
and other agencies and will appropriate even greater funds 
for applied research and development in coming years. 
Government solicits the assistance of highly qualified advi- 
sors in selecting research objectives, it seeks to contract for or 
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finance scientific work to be performed by nongovernment 
groups. It has created the National Science Foundation, 
which is becoming the executive branch’s chief consultant 
on government’s role in the scientific community. The 
Foundation supports more and more grants and scholarships 
for promising young scientists, and is pursuing its significant 
studies to analyze and evaluate national research expendi- 
tures. 

But government is inefficient almost by definition. Ad- 
ministrative overhead costs are staggering, threads of policy 
are easily lost, the problems of protecting government-con- 
ducted research from political influence and group pres- 
sures, of assuring agreeable geographic distribution, are 
knotty beyond belief or reason. Above all, the concept of 
major or sole reliance on basic scientific research directed 
and supervised by government, no matter how enlightened 
or how benign, is unacceptable in a free enterprise system. 
Government’s role must be largely fiscal and not operative, 
directive, or controlling. 

Recognizing that applied research is rapidly consuming 
our stores of fundamental knowledge which can be re- 
plenished only through patient and prolonged research into 
the fundamentals of science, government should entertain 
concrete suggestions as to how research can be encouraged, 
stimulated, and financed. One suggestion is that a system 
of federal tax credits should be adopted; outright credit on 
final computed tax, not merely deductions. Broadly speak- 
ing, such a system would be comparable to the depletion 
allowance granted to oil producers, under which 27.5 per 
cent of all income is free and clear of taxes. Such a system 
might find 95 cents of industry’s tax dollar going to govern- 
ment, while the other 5 cents would be set irretrievably 
beyond the grasp of the tax collector on condition that it be 
channeled into basic research effort through some other 
avenue. 

In 1954 corporate tax liability of the industrial production 
segment of the economy was $11.3 billion. Under a 5-per- 
cent formula, $565 million of this total would have been 
diverted to the support of basic research. The magnitude 
of this sum, expressed another way, is 0.2 per cent of the 
value of industrial production—a modest enough figure and 
worth many times its face value. 


INDUSTRY’S PART IN RESEARCH 


INDUSTRY’S ROLE in developing a national science policy 
must also reflect new conceptions and a reorientation of 
thinking about the critical nature of fundamental research 
in society. The whole country, including government and 
fundamental research, runs on the wages, profits, expenses, 
investments, and taxes of industry. What provision does 
industry now make for advances in basic research and new 
knowledge? 

Industry supports education and it must continue to do so 
on an expanded scale. Its contributions to colleges and uni- 
versities are extensive already, but must be increased—not 
only to provide the plant necessary for handling new 
throngs of school-aged young people, but also to improve the 
quality of education, to attract and hold the most able teach- 
ers and professors. 

Industry also supports basic research within its own walls, 
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but whereas it has been found that applied research and 
engineering can be conducted efficiently in industrial lab- 
oratories, the prosecution of basic research, with a few 
outstanding and brilliant exceptions, has not been satis- 
factory. Program interruptions, difficulty in attracting 
appropriate scientific personnel and isolating them from the 
demands of current industrial operation, absence or denial 
of mechanisms for encouraging interchange of ideas and in- 
formation with other scientists outside the company, are all 
considerations which mitigate against effective basic re- 
search in industrial laboratories. Scientists engaged in 
basic research must be free to meet and talk with whom they 
please, they must have the equipment necessary for conduct- 
ing their experiments, and they must have solitude and 
time. 

Industry also pays taxes, but by the time tax monies are 
churned through the bureaucratic mill the residue is hope- 
lessly inadequate, too much having passed off into super- 
fluous tributaries. 

The situation, then, is simply this: Industry is ultimately 
the chief consumer of basic research; it is critically depend- 
ent upon an ever-replenished supply of fundamental 
scientific knowledge; present mechanisms are not geared to 
fill the need; a new concept, a new approach, new naticnal 
science policies must be conceived. 


STANFORD’S RESEARCH PROGRAM 


TAX CREDITs and outright contributions are two sources 
of support. A third is through a program such as recently 
inaugurated at Stanford Research Institute in a preliminary 
experimental way. This is a public, nonprofit, applied- 
research corporation with no advertising budget, no sales 
budget, no dividends to pay, no income taxes; although it 
does pay all real estate, property, and other taxes. Alloca- 
tion of surplus, which is earned like any profit-making or- 
ganization, is limited by law and by charter to the support 
of basic research, the support of education, to area develop- 
ment, to the development of natural resources, and to areas 
of research not provided for by private programs. A part of 
the research fee and of the overhead rate recovered, is com- 
mitted to the fulfillment of these chartered obligations. 
Foremost among them is the support of basic scientific re- 
search. Last year the institute conducted 53 such projects 
and appropriations will increase for similar work this year. 
The program is definitely not restricted just to work we at 
Stanford can perform ourselves. We hope to accumulate 
annually substantial funds which can be devoted to the 
support of a basic research laboratory at Stanford Univer- 
sity, for example, and perhaps later at other institutions. 
What we are doing and will continue to do is to accumulate 
these funds by charging an override, or surcharge or assess- 
ment, on the cost of doing applied research; and by redirect- 
ing this extra cost to the financing of basic research. Since 
applied research is the user of basic research information and 
has drawn so heavily on the supply of both knowledge and 
scientific personnel, applied research should become an in- 
strument for the encouragement, expansion, and emphasis 
of basic research programs. Applied research should pay 
its full share of the cost of basic research, which is the raw 
material it works with, and such payment should be re- 
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garded by industry as a normal part of the cost of applied 
research. 

It is our earnest hope that other research and engineering 
laboratories, whether industrial, government, or independ- 
ent, will undertake to implement similar programs. The 
system of an override on the cost of applied research can 
produce very substantial sums. If they can be augmented 
by even more substantial sums from a tax credit and by 
continued increase in donations and contributions then 
fundamental research will have a measure of support more 
nearly commensurate with its contributions to the vitality of 
our society and the strength of our economy. 


AN ENVIRONMENT FOR RESEARCH 


AT THIS POINT, it becomes appropriate to look at the condi- 
tions under which fundamental research will be conducted. 
We have seen the many obstacles that confront it in govern- 
ment and industrial laboratories. The only other conven- 
tional source of fundamental research results is in the uni- 
versities and colleges. University laboratories have housed 
some of the finest intellects the country has known and have 
produced much fundamental research of the greatest con- 
sequence and highest order. But the great task of univer- 
sities, their first responsibility, is education. They should 
not be expected to satisfy the nation’s ever-increasing basic 
research needs from their educational budgets. In view of 
pressing financial requirements, such a demand upon the 
potential resources of the universities would be patently 
unrealistic. Although many features of university life are 
apparently essential to the successful pursuit of new knowl- 
edge, not every element in the campus atmosphere in 
America today is conducive to research programs of the 
magnitude and concentration that must be provided for. At 
the same time, however, the university by its very nature 
and purpose is the natural center for basic research. 

Perhaps we should turn to consideration of a kind of in- 
stitution virtually new to this country. Particularly since 
the war we have seen how successfully independent applied 
research institutes can be operated. Is it not entirely fea- 
sible to suppose that independent basic research institutes 
can also be established with as much or more likelihood of 
success? 

To a great extent such programs are available how at the 
Basic Research Institutes of the University of Chicago, at the 
Institute for Advanced Studies in Princeton, N.J., and at the 
Carnegie Institution of Washington, D.C. But there is 
another device to be considered perhaps even better suited 
to the disbursement of funds from such a variety of sources 
as have been outlined. This would be to create scientific 
centers or a complex of laboratories patterned after the 
great Kaiser Wilhelm Institutes or the Max Planck Society 
of Germany, where exhaustive fundamental studies in 
several fields are followed. Some of the specialized fields 
are more or less loosely co-ordinated with industrial prob- 
lems, but emphasis throughout is centered on the ad- 
vancement of fundamental knowledge. Scientific research 
training for young men is incorporated into the program of 
the Max Planck Institutes, but only at the most advanced 
levels under the highest form of “apprenticeship” system. 
Routine teaching is avoided. 
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Major financial resources are distributed to these in- 
stitutions by the Stifterverband fiir die deutsche Wissen- 
schaft (Donators’ Association for the Advancement of 
Science), a private agency which collects funds from indus- 
try, the state governments, and from the federal govern- 
ment of Germany for the assistance of research. If we agree 
that government should not control funds earmarked for 
this purpose, if we also agree that our present method of 
allocating monies is essentially random, unco-ordinated 
policy, then we can seriously consider creating a new inde- 
pendent agency, a basic research fund similar to the Stifter- 
verband. Such an agency, or series of agencies, supervised 
by men of ability, integrity, and vision, could bring cultiva- 
tion of the sciences to a condition of unprecedented yield. 

In 1932, a United States Senator maintained that science 
and invention were to blame for that period’s unemploy- 
ment in America. All of us, including the Senator, know 
now how bitterly sterile such bleak words of despair and 
denial are. Scientific knowledge culled from man’s in- 
spirations, doubts, and probings into the nature of life and 
the elements is our most priceless as well as our most des- 
perately needed resource. 

It requires God-given courage to be pessimistic in the 
teeth of the fateful challenges and destructive forces loose in 
the world today. Optimism springs from a positive con- 
viction that our exhilarating notions of liberty and individ- 
ual dignity, enterprise, and progress must rest on the sure 
base of a dynamic free economy which draws its basic 
nourishment from deep wells of scientific knowledge. A 
new national science policy, conceived in the urgency of the 
need for both survival and continued progress, should re- 
ceive our most serious and creative consideration at this 
moment in our national history. It must satisfy the require- 
ments of both necessity and sufficiency. Our present ap- 
proach is woefully inadequate and we are most certainly 
losing ground. Without doubt, we are creative and inven- 
tive enough to form an adequate national science policy 
and all of us—industry, government, universities, and indi- 
dividuals—should be ready to support it. 


New Mobile Substation 


A 17-ton mobile unit substation will help utility com- 
panies meet steadily rising electric power requirements in 
the New Bedford, Mass., coastal area. Permanently 
mounted on a semitrailer, the unit contains all transformer 
and switchgear equipment needed to replace any of 17 
permanent substations in the New Bedford Gas and Edison 
Light Company system. 

In case of an emergency power failure, the unit can be 
used completely to replace a disabled substation. Connec- 
tions could be made to the high-voltage and low-voltage 
circuits and service restored in a matter of minutes. It 
will be used temporarily to replace substations on which 
maintenance work is being done, allowing routine mainte- 
nance to be carried out at the most favorable times and with- 
out service interruptions. 
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Classified Bibliography on Insulated 


Conductors 






A New System for Referencing Technical Data 


L. F. HICKERNELL 


FELLOW AIEE 


In the light of current interest in the classifica- 

tion of technical data, this article describing the 

attempt of one technical committee to methodize 

reference material within its scope is published 

in the hope that it will encourage other technical 

committees to undertake similar projects cover- 
ing subjects in their fields. 


R. VANNEVAR BUSH recently* pointed out the 
1D urgent need for a method which will enable us 

quickly and efficiently to find any item of informa- 
tion in our vast snowballing store of scientific literature. 
While coding and mechanization of the entire bulk is the 
goal envisioned by Dr. Bush, he suggests that various 
possible approaches be tried out with special sections of 
the record. 

One such attempt has been made by the Committee on 
Insulated Conductors which in 1949 embarked on the task 
of compiling a bibliography. The technique evolved by 
the committee, although not highly mechanized, is inno- 
vational and may be adapted to other subjects. 

The ‘‘Classified Bibliography on Insulated Conductors” 
(AIEE Special Publication S-73, June 1954) uses a loose- 
leaf format and is a radical departure from the usual 
chronological and/or subject lists. References are classified : 


es BWI gs) San 0 «main act's ea HEse oho 0 Eee 24 (1930-53) 
vk Pree ss eee 20 
ee re cee 12 
Ge ic. os ene vc co eek eee oh 64 


CLASSIFICATION BY YEARS 


THE LOOSE-LEAF FORMAT permits annual supplementary 
editions of eight or more pages shortly after the first of 
each year. The standing Standards and Publications 
Subcommittee currently is compiling the first additional 
issue (1954). Each member of the subcommittee is as- 
signed one or more publications from which to select, list, 
and classify material on insulated conductors. 

Annual classification permits reference to earliest, latest, 
or period literature, as required. 

. The bibliography begins with 1930, since a fairly com- 
prehensive list of prior literature is contained in the “‘Under- 
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ground Systems Reference Book,’”” NELA Publication 050, 
1931, Appendix II. 


CLASSIFICATION BY PUBLICATIONS 


REFERENCES first are grouped according to 14 classifica- 
tions of publications which regularly publish material on 
insulated conductors; namely: 


1. Association proceedings........... (6 
e.,, UME NING aos v0 vere s UNE ool 


and into six general or selected categories: 


3. Association publications. 
University publications. 
Government publications. 
Manufacturers, publications. 
Books. 

Selected articles. 


PNA? > 


Publication classification enables the user to confine his 
search of the literature to such publications as are readily 
available to him. Through familiarity with the nature of 
the publications, he can select the type of data required; 
for example, AIEE Transactions for theory, Electrical World 
for application. 

Each Publication Classification is assigned a code number 
(from 1 00 to 20 00) and the papers published therein for 
each year are numbered chronologically and serially (from 
01 to 99). This combination code number, together with 
the last two digits of the year as a prefix, forms a complete 
reference to any paper listed in the bibliography. For ex- 
ample, 51-106 completely identifies a paper entitled ‘‘Lead- 
Alloy Sheaths for Underground Power Cable,” by Herman 
Halperin and C. E. Betzer, AIEE Transactions, vol. 70, 
pt. 1, 1951, pp. 423-35 (see illustration). 


CLASSIFICATION BY MAIN SUBJECTS 


In 1947 when the committee was organized, considerable 
thought was given to a standing subcommittee organiza- 
tion which would cover the entire scope. This resulted in 
the formation of 12 subcommittees. Two years of experi- 
ence in administration of the committee having demon- 





L. F. Hickernell is chairman, AIEE Committee on Planning and Co-ordination, and 
was the initial chairman (1947-49), AIEE Committee on Insulated Conductors. 


*“Communication—Where Do We Go From Here?’ 
no. 5, May 1955, pp. 367-70. 
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Pat F : ay ] 
| 1951 No Title - Author Part | Page 
| AIEE Note: Discussion included in page reference | 
} T ION. | when published with paper. | 
| PUBLICATION CLASSIFICATION he wees 
Vol 70 101|Thermal Transients on Buried Cables I | 45-55 
F H Buller 
100 102|}Radial and Tangential Stresses in I 56-63 
} Impregnated Paper Insulation 
J B Whitehead 
_100 AIEE TRANSACTIONS 103|Thermal Expansion Effects in Power I | 160-70 
200 JOURNAL OF AIEE, 1930 Cables 
ELECTRICAL ENGINEERING, AIEE, 1931 | © & Schifreen 
not including Transactions papers) 104| Three-Phase Measurements of Resist— I | 350-4 
; cians ance 
300 NELA BULLETIN, 1930.32 | 
EDISON ELECTRIC INSTITUTE BULLETIN, 1933— | LW Matech, NC Basu, G R Borcher | 
sss 105|69kv MediumPressure Gas-Filled I | 418-23 
400 CORROSION, NACE \Cable, Washington, D. C. 
500 JOURNAL OF IEE (British) H W Clark 
600 CIGRE | Lead-Alloy Sheaths for Underground I | 423-35 
; | ae cineca Power Cable aa 
| — iy rr 
700 ELECTRICAL WORLD Herman Halperin, C E Betzer , ~ 
engines vd 
800 ELECTRIC LIGHT AND POWER # 
900 ELECTRICAL WEST cilia i ee 
1000 ELECTRICAL CONTRACTING, 1930—February 1947 Tones] Page 
ELECTRICAL CONSTRUCTION AND MAINTENANCE, March 1947 
otis FBLA eR SS i | ELECTRIC 801 |Special Technique Saves Time, Improves |June | 146-9 
1100 GENERAL ELECTRIC REVIEW LIGHT & Quality of H-V Cable Joint 
1200 ELECTRIC JOURNAL, 1930—March 1939 | POWER J 5 Guith, © P Tvemy 
WESTINGHOUSE ENGINEER, 1941- Vol 29 802|Submarine Cable Project Will Operate jAug | 108-9 : 
at 100 KV - D.C. : ‘ 
1300 ELECTRICAL REVIEW | 800 BG Rathsman 
1400 THE ELECTRICIAN, 1930—Oct. 10, 1952 | 803|Portable Fault Locator Proves Practical|Sept | 106-10 
THE ELECTRIC JOURNAL, Oct. 17, 1952— T J Allen, C C Birchmore 
1500 ASSOCIATION PUBLICATIONS eRe ee Be Nesaabon Seve etre Sy ae 
not included in 100-600) emesis 
ommem ers (eee ER tenet, ene iin amet | 
1600 UNIVERSITY PUBLICATIONS T rr trait “ T 
| pati fa Ko | Page 
i . . — . . | | 
ae a Se ASSOCIATION |1501|Cracking of Stressed Polyethylene V 43 Jan |117- 
1800 MANUFACTURERS’ PUBLICATIONS | PUBLIC AT IONS J B DeCoste, F S Malm, V T Wallder No 1 | 121 
} fo et ere | Industrial and Engineering Chemistry 
1900 BOOKS 1500 | American Chemical Society 
2000 SELECTED ARTICLES 11504|The Fatigue Test as Applied to Lead (V 51 \721- 
not included in 100-1900) \Cable Sheath | | ThA 
Items are grouped annually and serially by publication, The publication- -# we » WC Ellis } | 
classification number given above appears in the margin for easy reference. a pine ay ol jety for Testing M rials te ie 
Example: 112 means: Publication No. 100 | = 
} Serial item No. 12 a 
1206 means: Publication No. 1200 | aT —— 
Serial item No. 6 | 
| BOOKS 1901| Electrical Insulation, Its Applicat ion| 
to Shipboard Electrical Equipment 
Graham Lee Moses 
McGraw-Hill Book Co., Inc. } 
| Page 51-00 June 1954 
| 
ets a nae ase sia J 














Front-cover flap 


strated the adequacy of the subcommittee divisions, it was 
quite logical to adopt the subcommittee names, with minor 
modifications, as the main subjects for the bibliography. 
These are shown in bold-faced type in the illustration 
(back-cover flap). 

A concomitant benefit in the use of subcommittee num- 
bers as main subjects is the automatic provision of an 
annual record of activity within each subcommittee’s scope. 


CLASSIFICATION BY SUBSUBJECTS 


Since 12 main subjects are inadequate for maximum 
utility, these are subdivided further into 64 subsubjects, 
varying in number from 0 to 8 (see illustration, Subject 
Classification, back-cover flap). 
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Left-hand page 


FORMAT 
THE FORMAT of the Subject Classification resembles a log 
table (see illustration, right-hand page). With this arrange- 
ment it is possible to subclassify under as many subjects as 
the paper covers (see Paper 105). 
EXAMPLE 
To Finp references on lead sheath published in 1951, 
proceed as follows (see illustration) : 
1. Open front- and back-cover flaps 
On back-cover flap, 
2. Find 6.1 Metallic Sheaths under Subject Classifica- 
tion 
On right-hand page, 
3. Under Column 6, find Numeral 1 (i.e., 6.1) 
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Serial Main Classification 195] 
ria. - : - 
Number rfzf{s |e ]s 718] 9 | 210J11 | 22 
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= 3 | AIEE 
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103 5 
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Right-hand page 


4. Under left-hand column, find Serial nos. 106 and 

1502 
On left-hand page, 

5. Identify Paper no. 106 by title, author, publication, 
volume number, year, and page numbers as: “Lead- 
Alloy Sheaths for Underground Power Cable by 
Herman Halperin,” C. E. Betzer, AIEE Transactions, 
vol. 70, pt. I, 1951, pp. 423-25 
and Paper no. 1502 as: 

‘The Fatigue Test as Applied to Lead Cable Sheath,” 
by G. R. John, W. C. Ellis 
ASTM Proceedings, vol. 51, 1951, pp. 721-44 


Additional years and publications may be searched in a 
similar manner. 
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1.0 GENERAL 

Not classified elsewhere 
1.1 Bibliographies 
1.2 Surveys; industry trends 


2.0 STANDARDS, CODES AND 
SPECIFICATIONS 
Including background material 
2.1 Standards and codes 
|2.2 Specifications 


3.0 CABLE CHARACTERISTICS 


Including computation and data 


|3.1 Caleulation constants 
| 3.2 Stress distribution, control; shielding 
13.3 Dielectric losses 
3.4 Sheath and other induced losses 
|3.5 Current loading; cable movement 





| | 3.6 Sequence impedances; neutral grounding 
| | 3.7 Transients; inductive effects 

1 3.8 Fluid-filled system mechanics 

|| 4.0 CONDUCTORS 


Physical properties; strandings ; coatings 


5.0 INSULATIONS 
Properties ; application data 
5.1 Oil, paper; synthetic liquids, blends 
5.2 Varnished cloths ( cotton, silk, glass 
5.3. Thermosetting materials 
||5.4 Thermoplastic materials 
5.5 Inorganic materials; minerals; silicones 
5.6 Gases 


| 6.0 SHEATHS AND COVERINGS 
| Properties ; application data 
[6.1 Metallic sheaths 
6.2 Nonmetallic sheaths, jackets, armors 
6.3 Metallic armors 





64 Electrolysis, corrosion; mitigation 
6.5 Bonding, grounding 
| 6.6 Fireproofing, arcproofing 


SUBJECT CLASSIFICATION 


8.0 UTILIZATION SYSTEMS 
Interior wiring ; materials, methods 
8.1 Wiring systems; materials, methods 
8.2 Special environments; hazardous, corrosive 


9.0 SPECIAL-PURPOSE CABLES 


Design, application for special conditions 


9.1 Shipboard cables 

9.2 Military cables 

9.3 Mining cables 

94 Vertical riser; shaft; borehole cables 

9.5 Station cables, excepting generator leads 
9.6 Generator leads 

9.7 Furnace leads 

98 Manufacturing, processing plants 


10.0 CABLE ACCESSORIES 
Used with insulated cables 


10.1 Potheads 

10.2. Potheadless terminations 

10.3 Joints, duct splices; reservoirs 

10.4 Filling compounds 

10.5 Connectors 

10.6 Auxiliaries: protectors, switches, ete 
10.7 Control, alarm systems 


11.0 STRUCTURES AND CONSTRUCTION 
PRACTICES 

Structural appurtenances external to cable 
Construction methods, equipment 

11.1 Undeground conduits, manholes, vaults 

11.2 Tunnels, shafts 

11.3 Building installation practices 

11.4 Buried cable installation practices 

11.5 Submarine cable installation practices 

11.6 Aerial cablé installation practices 

11.7 Bridge and viaduct crossings 

12.0 TESTS AND MEASUREMENTS 

TECHNIQUE 

Apparatus, methods, techniques 


Conductor tests, measurements 
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| * 
} 6.7 


1 

External damage; termites 2 
12.3. Sheath tests, measurements 

| , 

2 

6 


Dielectric tests, measurements 
7.0 CABLE-SUPPLY SYSTEMS Impulse testing 
Transmission, distribution of bulk energy Installation, prooftesting 


Fault localization 
Duet-cable systems 


Pipe-cable systems 
Buried-cable systems 
Submarine cable 
Aerial-cable systems 


> 
2.7 Electrolysis and corrosion survey 
2.8 Temperature survey 





Refer to the scope for basis of classification 
Overhead line wire lems not properly belonging in subclassifications are 


listed under main (.-.0) classification; e.g., 3.0 


Se 
“aw & & bee 


System planning 
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MACHINE TABULATION 


Since the conventional business tabulating machine pro- 
vides 80 columns, it is possible to punch cards and conduct 
a search automatically by the method developed for this 
bibliography. 


REFERENCES 


IN WRITING PAPERS, it is customary to refer to previous 
work by numbered references tabulated at the end of the 
paper. Confusion ‘during several drafts caused by re- 
arrangement of manuscript may be avoided by using these 
Bibliography code numbers (year-serial number) in 
parentheses (e.g., 51-106) in the manuscript in place of 
superscripts in numerical sequence (*). 
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A Multistable Transistor Circuit 


R. A. HENLE 


In the circuit described in this article, use is 
made of transistors in a design for multistable 
operation. Theoretically, only two active ele- 


ments in a trigger arrangement are necessary 
for any number of statically stable states. 


vacuum tubes and transistors. Each of these re- 

quires two active elements and has two stable states. 
Binary coded decimal counters having ten stable states and 
using eight active elements can be made with these devices. 
Point-contact transistors, tetrodes, and gas tubes (by virtue 
of internal positive feedback) exhibit bistability with a 
single active element. Scale-of-ten counters can be made 
with these devices using four active elements. In general, 
either the speed of response or the reliability is inferior to 
that obtainable with counters using two active elements per 
This article will consider a method of multistable 
operation which requires only two active elements, theo- 
retically, for any number of statically stable states. ‘These 
stable states are achieved by using two active elements in a 
The feedback in the 
circuit is controlled by a nonlinear load which determines 
whether the net positive feedback makes the circuit stable or 
unstable. Thus, it is possible to divide the operating range 
of the trigger into a number of alternately stable and un- 
stable regions. 


A NUMBER of bistable configurations are known using 


trigger. 


conventional trigger arrangement. 


BASIC CIRCUIT 


Fic. 1 shows a basic transistor trigger configuration, which 
will be analyzed. It consists of a grounded-base stage 


Fig. 1. Transistor trigger circuit. Fig. 2. 
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Collector V-I characteristic with step load line. 


with its output coupled to its input through an emitter 
follower. The grounded-base connection, like a grounded- 
grid amplifier, has a current gain approximately equal to 1, 
a low input impedance, and a high output impedance. 
The emitter-follower stage, like a cathode follower, has a 
high input impedance, a low output impedance, and a 
voltage gain approximately equal to 1. Since neither the 
grounded-base nor the emitter-follower stage is inverting, 
positive feedback is obtained by returning a tap on the 
emitter-follower output to the input of the grounded-base 
stage. 

Referring to Fig. 1, a feedback factor AB can be defined, 
where 


A = iourt/tia (1) 
and 
(2) 


B= tfeedback /tout 


If AB<1 the circuit is stable, and if AB>1 the circuit is 
unstable. 

For small signals, then 
tout = dl, (3) 
and 


ae Met (4) 





For a junction transistor in the grounded-base connection 


(5) 
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Assume that the emitter of the grounded-base stage is at 
ground potential when biased in the forward direction, then 


Treedback = Eout/Ri+E2/R2 (6) 
and 

Fou =1,R,'—Ey (7) 
Combining equations 6 and 7, then 

Treedback = eRy’/Ri— Ei/Rit+£2/R:2 (8) 


Differentiating equation 8 and using equations 3 and 4, then 
dT teedack /d1, = Ry,’ / Ri = iteeddack /iout = B (9) 
Then 


AB=aR,'/R,:~R,'/R, (10) 


Therefore, for R,’>R, the circuit will be unstable and for 
R,<R, the circuit will be stable. If then, a load line with 
alternate regions of R,’>R, and R,’<R, could be con- 
structed, a circuit with alternate regions of unstable and 
stable operating points would be obtained. 

Consider a load line, such as is shown in Fig. 2. If this 
load line is represented by R,’=F(Ic), small values are 
obtained for R,’ in regions A, C, E, and G, and large values 
for R,’ in regions B, D, and F. Therefore, the circuit can 
be stable in regions A, C, E, and G, and unstable in regions 
B, D, and F by proper choice of R. 

A load line can be made, which will closely approximate 
that shown in Fig. 2 in several ways; these are shown in 
Figs. 3 and 4. The first method (Fig. 3) utilizes diodes 
with the position of the steps determined by voltages E,, Eo, 
E3, and Ey. The resistance of the low-impedance region is 
essentially the forward resistance of one or two diodes in 
series. The high-resistance region is determined by the 
impedance of one or more current generators — E and R; in 
parallel. 

The second method (Fig. 4) utilizes diodes with a known 
“Zener” voltage. The magnitude of the voltage step is 
determined by the Zener voltage of the diodes. The mag- 
nitude of the current step is determined by —E and R3. 
Let R, be equal to the forward resistance of the Zener diode 
and Rz be equal to the resistance of the Zener region. Then 


Fig. 4. 





‘*Zener’’ diode load. Fig. 5. 





Triggering method A. Fig. 6. 





the impedance of the most negative voltage step for the 
circuit of Fig. 4 would be Rz,;+Rz2+Rz3. For the second 
step, diode 7 would be in its forward resistance region and 
diodes 2 and 3 in their Zener regions. The resistance of 
this step would then be Ry~+Rz2+Rz;. The third step 
would have a resistance equal to Rx +Rp+Rz; and the 
fourth step a resistance equal to Rn +RpatR,y. The high- 
resistance regions between steps, as for the diode-clamped 
load line, would be determined by the parallel resistance of 
one or more current generators —E and R;. The Zener 
diodes offer definite advantages in that the number of 
diodes required is one half the number required when 
conventional diodes are used. Also it is not necessary to 
have separate supplies or a low-impedance divider for 
supplying the step voltages. They have a disadvantage in 
that each low-impedance region essentially has all the 
diodes in series making it necessary to design the circuit 
with a larger value for R,. 


TRIGGERING SCHEMES 


PRECAUTIONS must be taken in the manner in which the 
circuits are triggered. Unlike a conventional trigger, 
which may be set or reset by pulses above a certain mini- 
mum amplitude, a circuit of this type obviously requires an 
upper limit on the energy of the input triggering pulse. 
Too strong a triggering pulse could cause the circuit to 
jump several steps. A number of triggering schemes have 
been tried and are shown in Figs. 5 and 6. 

Fig. 5 utilizes a capacitor input. The time constants Ry, 
Cy, R3, C3, and circuit values are chosen so that when a 
voltage step is applied to the input, a step of current flows 
through R,’. This step of current can be designed to be 
equal to one or more current steps on the step load line. 
The circuit will count up for positive inputs and down for 
negative inputs. A disadvantage of this arrangement is 
that the rise time at the output is also limited by the time 
constant R;C3. 

The triggering arrangement of Fig. 6 utilizes a Zener 
diode to quantize the trigger steps. The Zener voltage of 
the silicon diode is chosen to be equal to the step voltage. 
The quiescent voltage of point A is one step more positive 


Triggering method B 








+ COUNT UP. 
— COUNT DOWN 
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than the quiescent voltage of point B. When a positive 
pulse is applied to the emitter or collector of T;, the voltage 
at point B starts to rise, but is clamped by the Zener diode 
at the voltage of point A for a period of time sufficiently long 
so to allow the circuit to stabilize at the new voltage. 
Capacitor C will then charge to a voltage one step more 
positive than point B, and the circuit is ready for the next 
input pulse. 

A similar scheme, likewise, could be arranged to make 
a count-down input. 

Another method of triggering would be to have the trigger 
input at the base of a p-n-p inverter stage which had its 
collector attached to the collector of 7;. Application of a 
negative pulse at the input would pull the collector of 7; 
to the emitter potential of the inverter; this potential 
would be adjusted to be one step more positive than the 
collector potential of 7}. 

Also, an n-p-n transistor could be used in a similar circuit 
for a count-down input. 


SPEED OF OPERATION 


THERE APPEARS to be no reason why circuits of this type 
cannot be as fast or faster than more conventional circuits 
using similar transistors. The multistable circuit has an 
advantage in that if properly designed, neither transistor is 
permitted to go into saturation; thus, minority carrier 
storage problems are eliminated. In a conventional 
transistor trigger with two stable states (not employing 
special circuitry), one transistor will normally be in satura- 
tion and one transistor normally cut off. The transistor in 
saturation will always require a certain finite time to clear 
out the minority carriers when changing state. This 
limits the response time of the circuit for a particular drive 
pulse. 

The circuit has another advantage in that it is not par- 
ticularly dependent upon the characteristics of the tran- 
sistors used. The grounded-base stage can use nearly any 
junction transistor since it is only necessary that a be close 
to 1. Transistors with a>0.95 are more than adequate. 
Large values of J,, and the temperature dependence of J,, 
present no problem with the grounded-base stage. The 
emitter-follower stage is also noncritical with respect to the 
a of the transistors used, and again a>0.95 is sufficient. 
A typical emitter-follower stage will have a stability factor 
S' (where S=al,/al,,) of about 1.3, so again J,, is not a 
critical parameter. Therefore, it can be seen that transis- 
tors with wide variations in a and noncritical specifications 
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Fig. 8. Single-transistor 
multistable circuit 





on J,, are more than adequate. A circuit having ten stable 
states has been constructed and no difficulty was experi- 
enced in interchanging transistors. Since a large change in 
transistor characteristics would be necessary for circuit 
failure, it would be expected that the circuit life would be 
long compared with grounded-emitter operation of tran- 
sistors. 


OTHER MULTISTABLE CONFIGURATIONS 


THE PRINCIPLE of multistable operation is not limited to 
the configuration shown, but can be incorporated in other 
trigger arrangements. In Fig. 7 is shown a circuit which 
has its stable operating regions along the constant-current 
portions of the multistable load line. Assume 7; is operat- 
ing along a constant-current region. Then variations in 
the base voltage of 7; will cause little or no variation in 
the output voltage and, therefore, no change in the voltage 
fed back to the base of T;. Hence, the circuit is at a stable 
operating point. However, if 7, were operating along a 
constant-voltage region of the multistable load line, then 
small changes in the base voltage of 7, would cause larger 
changes in the output voltage. These changes are fed 
into the base of JT: causing changes in the collector voltage 
of 7: which are fed back to the base of 7;._ The circuit is 
unstable in this region. 

Fig. 8 illustrates a single transistor trigger (a>1) with a 
step load giving multistable operation. The operation of 
this circuit would be similar to that of the first circuit 
described. In general, conventional point-contact transis- 
tors would not be satisfactory since predictable uniform 
and pentode-like characteristics are most desirable for the 
circuit. 


CONCLUSION 


THE CIRCUIT appears to be well suited to transistor 
characteristics. It utilizes those characteristics of junction 
transistors which are inherent in the device and do not 
require close control during manufacture. Desirable fea- 
tures of the circuit are that it can theoretically have any 
number of statically stable states, and that these states 
may be achieved using only two transistors with a less than 
1 or one transistor with a greater than 1. This circuit pro- 
vides an economical application of transistors to counter 
circuits. 
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Impulse Tests on Low-Voltage Windings 


of Distribution Transformers 


J. E. HOLCOMB 
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These tests are discussed from the viewpoint of 
field investigations and transient considerations, 
the transient behavior of distribution trans- 
formers, fault detection by induced-voltage- 
wave method, comparison of fault-detection 
methods when testing high-voltage windings, 
and impulse testing low-voltage windings of 
large high-voltage distribution transformers. 


OR IMPULSE TESTING of transformers, the 

American Standards (C57, paragraph 22.775) specify 

a 1'/>x40-microsecond (usec) wave. Many dis- 
tribution transformers have low-voltage windings rated 
600 volts or less. These windings have very few turns and 
therefore have very low impedance to impulse voltage 
waves. For this reason an excessively large impulse gen- 
erator would be required to apply a 1'/2x40-ysec wave 
from terminal to terminal of the winding. Even if an 
impulse generator of sufficient capacity were available, 
the application of a 1!/>x40-usec wave to the low-voltage 
winding would in many cases induce excessively high volt- 
ages in the high-voltage winding. 

For these reasons these standards permit the test to be 
made by connecting the low-voltage terminals together 
and applying the impulse from terminals to ground. This 
tests the insulation to ground but not the internal insula- 
tion of winding. For a quality-control test to do a 
thorough job, it must include a test which will stress the 
turn and layer insulation in the low-voltage coil. Such a 
test has been included on a production basis in the quality- 
control test since 1952. 

A comparison of the ratios of the impulse crest voltages 
to the 60-cycle rms operating voltages for oil-filled dis- 
tribution transformers is shown in Table I. This table 
shows that the highest ratios (Basic Impulse Level: rms 
voltage) occur in the lowest voltage ratings. 


Table I 





Ratio—BIL to 


Typical 60-Cycle Typical Impulse BIL, 


Operating Voltage (rms) Kv Crest Operating Voltage 
240 30 125 
480 30 62.5 
2,400 60 25 
4,800 75 15.6 
7,200 95 13.2 
13,200 95 7.2 





It follows that if a low-voltage winding is subjected to an 
impulse voltage with a crest value equal to the correspond- 
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ing basic impulse insulation level (BIL), and if an electro- 
magnetically induced voltage equal to this value multiplied 
by the turn ratio should appear across the high-voltage 
winding, the latter winding would be subjected to a voltage 
far in excess of its BIL. 

The problem of protecting the high-voltage windings 
during impulse tests on low-voltage windings is a serious 
one. The terminal voltages can be controlled by the use of 
external impedances or even by short-circuiting the winding; 
but voltages between parts of the winding cannot always be 
controlled in this manner. In fact, in some cases the in- 
ternal voltage gradients may actually be increased when the 
winding is loaded by an impedance. Unfortunately it is 
not always possible to predict what these voltage gradients 
will be for a particular transformer without an expensive 
and time-consuming investigation. There is the added 
disadvantage that on many transformers a short-circuited 
winding will drastically reduce fault-detection sensitivity, 
and the test should not be simplified at the expense of this 
sensitivity. 

The same comparison of the ratios of the impulse crest 
voltages to the 60-cycle rms operating voltages show that 
an impulse test on the high-voltage winding will induce 
only very small voltages in the low-voltage winding and 
will not adequately test the latter winding. For these 
reasons a completely reliable quality-control impulse test 
must include a test designed primarily to test the trans- 
former low-voltage windings. 


FIELD INVESTIGATION RESULTS AND TRANSIENT 
CONSIDERATIONS 


OTHER INVESTIGATORS!” have shown that a large per- 
centage of the lightning surges which arrive at transformers 
in service do so by way of the low-voltage lines. This 
emphasizes the desirability of a searching test on the low- 
voltage winding because in service it is almost as likely to 
be subjected to lightning surges as the high-voltage winding. 

These investigators' have shown that when lightning 
strikes in the vicinity of a transformer in service, the ground 
potential is raised and the lightning currents flow outward 
on every possible path. If the midtap of the transformer 
low-voltage winding is connected to ground, the surge 
currents will then flow outward through the two halves of 
the low-voltage winding so that the effect of these two cur- 
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Fig. 1. Voltage induced on 7,200-volt winding of 10-kva 7,200- 
120/240-volt transformer with no fault when a 0.5x1.5-microsecond 
(usec) wave is applied to the 120-volt winding. The timing-wave 
frequency is 50 kc, giving a 20-usec period. Fig. 2. Voltage 
induced on the 7,200-volt winding of 10-kva 7,200-120/240-volt 
transformer with a 1-turn fault when a 0.5x1.5-usec wave is 
applied to the 120-volt winding. The timing-wave frequency 
is 50 ke, giving a 20-usec period. Fig. 3. Voltage induced on 
the 2,400-volt winding of 10-kva 2,400-120/240-volt transformer 
with no fault when a 0.5x1.5-usec wave is applied to the 120-volt 
winding. The timing-wave frequency is 50 kc, giving a 20-ysec 
period. Fig. 4. Voltage induced on 2,400-volt winding of 
10-kva 2,400-120/240-volt transformer with a 1-turn fault when a 
0.5x1.5-usec wave is applied to the 120-volt winding. The timing- 
wave frequency is 50 kc, giving a 20-usec period. Fig.5. Voltage 
across an impedance in the neutral of a 10-kva 7,200-120/240-volt 
transformer with no fault when a 1'!/,x40-usec wave is applied to 
the 7,200-volt winding. The timing-wave frequency is 50 ke, 
giving a 20-usec period 








rents might be expected to cancel out, leaving no net elec- 
tromagnetic effect. In an actual transformer the two 
halves of the low-voltage winding cannot occupy identical 
locations, so there is never a perfect current balance or 
flux cancellation. In fact, the voltage induced in the high- 
voltage winding by this surge current has been found to be 
similar to that induced by a short-tailed impulse wave 
applied between terminals of the low-voltage winding. 

Almost all consumer equipment (rated 600 volts or less) 
has an insulation level which will not withstand impulse 
voltages of 25 kv for periods exceeding 1 or 2 ywsec. Such 
equipment can be expected to flashover when impulse waves 
of longer duration are applied even if the voltage is con- 
siderably lower than 25 kv. Because of this and because 
the secondary conductors between the distribution trans- 
former and the consumers’ premises are usually short, sel- 
dom exceeding 1,000 feet in length, it is unlikely that in 
service surges of 25-kvy magnitude exceeding 1 or 2 usec in 
length will be applied to distribution transformer low- 
voltage windings. 

The practice of applying short-tailed impulse waves 
between terminals of the low-voltage windings of dis- 
tribution transformers on a production basis was started 
in 1952. Since that time many thousands of transformers 
have been tested and put into service. The very small 
number of customer complaints on transformers which have 
been tested in this manner indicate that a test of this 
type is very effective in weeding out faulty transformers, 
and that transformers that will withstand such a test will 
successfully withstand surges which might be expected in 
service. 





TRANSIENT BEHAVIOR OF DISTRIBUTION 
TRANSFORMERS 


IT HAS BEEN STATED in a previous paper‘ that when a 
rectangular traveling wave is applied to the high-voltage 
winding of a power transformer the voltages within the 
transformer windings consist of four components: 


1. A voltage transmitted electrostatically to the low- 
voltage winding, depending on the relations of distributed 
capacitances of the low-voltage winding to the high-voltage 
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winding and ground, and is independent of the turn ratios. 
2. A free oscillation in the high-voltage winding, con- 
sisting of a number of space harmonics, through the elec- 
tromagnetic and electrostatic fields induces a correspond- 

ing forced oscillation in the low-voltage winding. 
3. A free oscillation in the low-voltage winding, depend- 

ing on the distributed constants of the winding. 
4. A unidirectional voltage surge transmitted to the 
low-voltage winding by electromagnetic induction which is 
very nearly directly proportional to the turn ratio and is 
independent of the distributed capacitance. It is a simple 
function of the short-circuit inductance of the transformer 

and of the surge impedances of external circuits. 


The same principles apply when the impulse voltage is 
applied to the low-voltage windings of distribution trans- 
formers. However, the voltage transmitted by the capaci- 
tance relationship from the low-voltage winding to the 
high-voltage winding is negligible. Also, because of the 
few turns in the low-voltage windings, the oscillations in 
this winding are negligible. The free oscillations in the 
high-voltage windings are of considerable importance since 
they affect the internal stresses in this winding. It is well 
known that the front of the induced wave is sloped off by 
the leakage reactance between transformer windings. 
Because of the relatively slow rate of rise of this induced 
wave, its peak value may be controlled by shortening 
the length of the tail of the applied wave. Thus, by ap- 
plying the proper waveshape to the low-voltage wind- 
ing, the magnitude of the voltage wave induced in the 
high-voltage winding can be controlled even though 
the peak voltage of the applied wave is held at the 
level required by the American Standards. This provides 
an effective means of testing transformers because the 
insulation in all the windings can be properly stressed. 
However, because the applied voltage wave is short the 
usual fault detection methods may not be applicable. 


FAULT DETECTION BY INDUCED-VOLTAGE-WAVE 
METHOD 


CONSIDERABLE EXPERIMENTATION was undertaken around 
1940 to develop impulse test equipment which would apply 


Fig. 6. The voltage across an impedance in the neutral of a 
10-kva 7,200-120/240-volt transformer with a 1-turn fault when 
a 1'/,x40usec wave is applied to the 7,200-volt winding. The 
timing-wave frequency is 50 kc, giving a 20-usec period. Fig. 7. 
Voltage induced on the 120-volt winding of a 10-kva 7,200-120/ 
240-volt transformer with no fault when a 1'/,x40-usec wave is 
applied to the 7,200-volt winding. The timing-wave frequency 
is 50 ke, giving a 20-usec period. Fig. 8. Voltage induced on the 
120-volt winding of a 10-kva 7,200-120/240-volt transformer with 
a 1-turn fault when a 1!/,x40-usec wave is applied to the 7,200-volt 
winding. The timing-wave frequency is 50 kc, giving a 20-usec 
period. Fig. 9. Voltage across an impedance in the neutral 
of a 10-kva 2,400-120/240-volt transformer with no fault when a 
1'/.x40-usec wave is applied to the 2,400-volt winding. The 
timing-wave frequency is 50 kc, giving a 20-usec period. Fig. 10. 
Voltage across an impedance in the neutral of a 10-kva 2,400- 
120/240-volt transformer with a 1-turn fault when a 1'/,x40-usec 
wave is applied to the 2,400-volt winding. The timing-wave fre- 
quency is 50 kc, giving a 20-usec period 
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impulses to the low-voltage windings of small pole-type 
distribution transformers. Testing circuits were used which 
would apply the proper crest voltages to the low-voltage 
winding and, by controlling the length of the applied wave, 
induce the proper voltage on the high-voltage winding. 
The induced-voltage wave, viewed on a cathode-ray oscillo- 
graph, was used to detect failures. 

Because early data indicated the importance of a search- 
ing test on the transformer low-voltage windings, this test is 
included in the quality-control impulse testing of distribution 
transformers.’ As in the previous test, the induced-voltage 
wave is observed by means of the cathode-ray oscillograph, 
and thousands of tests have shown that it is a very sensitive 
and reliable method of detecting failures. 

To show the sensitivity of this method of fault detection, 
simulated faults were made by wrapping one turn of in- 
sulated wire around the outer transformer winding. This 
turn is loosely coupled to both high- and low-voltage wind- 


ings. Because of the loose coupling, the fault is harder to 
detect than a 1-turn fault buried in either winding. Many 
tests have been made to verify this statement. Con- 


sequently the changes in waveshape shown in the oscillo- 
grams are somewhat smaller than would be the case when 
the smallest failure occurs in the transformer itself. The 
turn faults referred to in the succeeding paragraphs refer 
to these simulated turn faults. 

The oscillogram shown in Fig. 1 is the voltage wave in- 
duced on the high-voltage winding of a transformer rated 
10-kva 7,200—120/240 volts when a 0.5x1.5-usec wave is 
applied to the low-voltage winding. Fig. 2 shows this in- 
duced voltage wave when there is a 1-turn fault in the 
transformer. In like manner Fig. 3 shows the voltage wave 
induced on the high-voltage winding of a transformer rated 
10 kva 2,400-120/240 volts when a 0.5x1.5-usec wave is 
applied to its low-voltage winding. Fig. 4 shows this 
induced voltage wave when there is a 1-turn fault in the 
transformer. A comparison of Fig. 2 with Fig. 1 and of Fig. 
4 with Fig. 3 will illustrate the sensitivity of this method of 
fault detection when tests of this type are made on small 
distribution transformers. 


Fig. 11. 


COMPARISON OF FAULT-DETECTION METHODS WHEN 
TESTING HIGH-VOLTAGE WINDINGS 

In 1944 THE METHOD of observing the voltage induced 
on a winding other than the one under test was studied and 
compared to several other methods of fault detection.’ It 
was found to be fairly sensitive in detecting distribution 
transformer faults when a 1'/>x40-ysec impulse was 
applied to the high-voltage winding and the voltage in- 
duced on the low-voltage winding was observed by means 
of the cathode-ray oscillograph. However, the neutral 
impedance method of failure detection proved to be far more 
sensitive for this application and consequently has been used 
almost exclusively. 

The relative sensitivities of the two methods are illustrated 
by Figs. 5 to 12, inclusive. Fig. 5 is the voltage wave across 
an impedance between the ground and the neutral of a 
transformer rated 10 kva 7,200-120/240 volts when a 1'/¢ 
x40-usec wave is applied to the high-voltage winding. 
Fig. 6 shows this voltage wave when there is a 1-turn fault 
in the transformer. Fig. 7 shows the voltage wave induced 
on the low-voltage winding of this transformer when a 1'/, 
x40-ysec wave is applied to the high-voltage winding and 
Fig. 8 shows the same voltage wave when there is a 1-turn 
fault in the transformer. 

Fig. 9 is the voltage wave across an impedance between 
ground and the neutral of a transformer rated 10 kva 
2,400-120/240 volts when a 1!/2x40-usec wave is applied 
to the high-voltage winding. Fig. 10 shows this voltage 
wave when there is a 1-turn fault in the transformer. Fig. 
11 shows the voltage wave induced on the low-voltage wind- 
ing of this transformer when a 1!/2x40-usec wave is applied 
to the high-voltage winding and Fig. 12 shows the same 
wave when there is a 1-turn fault in the transformer. A 
comparison of these oscillograms will show that the neutral 
impedance method is the more sensitive of the two. 


IMPULSE TESTING LOW-VOLTAGE WINDINGS OF LARGE 
HIGH-VOLTAGE DISTRIBUTION TRANSFORMERS 


ANOTHER IMPORTANT GROUP of distribution transformers 
are those used to step down subtransmission voltages to 


Voltage induced on the 120-volt winding of a 10-kva 2,400-120/240-volt transformer with no fault when a 1!/,x40-usec wave is 


applied to the 2,400-volt winding. The timing-wave frequency is 50 kc, giving a 20-usec period. Fig. 12. Voltage induced on the 
120-volt winding of a 10-kva 2,400-120/240-volt transformer with a 1-turn fault when a 1!/,x40-ysec wave is applied to the 2,400-volt 
winding. The timing-wave frequency is 50 kc, giving a 20-usec period, Fig. 13. Voltage across an impedance in the neutral of a 
333-kva 67,000-7,200-volt transformer with no fault when a 1.5x27-ysec wave is applied to the 7,200-volt winding. The timing wave is 
omitted but the sweeping speed is the same as that used for the oscillogram shown in Fig. 15 
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Fig. 14. 
wave is applied to the 7,200-volt winding. The timing-wave frequency is 10 kc, giving a 100-usec period. Fig. 15. 
on the 67,000-volt winding of a 333-kva 67,000-7,200-volt transformer with no fault when a 1.5x27-usec wave is applied to the 7,200- 
volt winding. The timing-wave frequency is 50 kc, giving a 20-usec period. Fig. 16. Voltage induced on the 67,000-volt winding of 
a 333-kva 67,000-7,200-volt transformer with a 1-turn fault when a 1.5x27-usec wave is applied to the 7,200-volt winding. The timing- 
wave frequency is 50 kc, giving a 20-usec period 


distribution voltages. Many of these are single-phase trans- 
formers, usually 100 to 500 kva with 22- to 66-kv primaries 
and 2.4- to 15-kv secondaries. In testing the secondary 
windings of these transformers many of the same problems 
are encountered as when testing the smaller pole-type trans- 
formers. However, the physical spacings between windings 
are much greater because of the insulation requirements, 
and the induced voltage waves on the high-voltage windings 
are not nearly so sensitive to faults as is the case for the small 
low-voltage transformers. Consequently, it may be de- 
sirable to use other fault-detection methods when testing 
this type of transformer. 

Waves of fairly long duration can be applied to the low- 
voltage winding of this type of transformer without over- 
stressing the high-voltage winding, even with its terminals 
isolated, and it is possible to use the neutral impedance 
method of fault detection. For this type of transformer, 
the oscillograms of Figs. 13 to 16 inclusive compare the 
relative sensitivities of the neutral impedance and induced- 
wave method of fault detection. 

Fig. 13 is the voltage wave across an impedance between 
ground and the neutral ofatransformer rated 333 kva 67,000-— 
7,200 volts when a 1.5x27-usec wave is applied to the low- 
voltage winding. Fig. 14 shows this same voltage wave 
when there is a 1-turn fault in the transformer. Fig. 15 is 
the voltage wave induced on the high-voltage winding of 
this transformer when the 1.5x27-usec wave is applied to 
the low-voltage winding, Fig. 16 is the induced-voltage 
wave when there is a 1-turn fault in the transformer. In 
this case the induced-voltage wave changes very little when 
failure occurs and it is doubtful if a 1-turn failure could be 
detected using this method. The voltage wave across the 
neutral impedance clearly shows that failure has occurred. 
This indicates that, when it is possible to apply a voltage 
wave of this duration, the neutral impedance method of 
fault detection is the preferable method. It may still be the 
preferable method when waves of shorter duration are used, 
but further investigation is required to determine the mini- 
mum wavelength that will permit the use of the neutral im- 
pedance method. 
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Voltage across an impedance in the neutral of a 333-kva 67,000-7,200-volt transformer with a 1-turn fault when a 1.5x27-usec 


Voltage induced 


CONCLUSIONS 


1. In impulse testing of many ratings of distribution 
transformers having relatively high turn ratios, the stand- 
ard 1'/2x40-ysec wave cannot be applied between terminals 
of the low-voltage winding because excessive voltages would 
be induced in the high-voltage winding. 

2. The magnitude of the voltage induced in the high- 
voltage winding can be held within limits by reducing the 
duration of the voltage wave applied to the low-voltage 
winding. Therefore, the use of voltage waves of shorter 
duration than 1!/2x40 usec is recommended as an effective 
means for impulse testing the low-voltage windings of such 
transformers. 

3. A voltage wave of short duration applied to the low- 
voltage windings of distribution transformers is an effective 
test for weeding out defective transformers. 

4. A voltage wave of 1- or 2-usec duration is representa- 
tive of the higher voltage surges applied to the transformer 
low-voltage winding terminals in service. 

5. When short-duration voltage waves are applied to 
the low-voltage winding, observation of the voltage wave- 
shape induced in the high-voltage winding provides a very 
sensitive method of detecting faults in transformers with 
high-voltage ratings 15 kv and below. 

6. For transformers with high-voltage ratings above 
15 kv, further investigation is required to determine 
whether the induced voltage detection method will have 
sufficient sensitivity or whether other methods, such as the 
neutral current or the applied voltage methods, should be 
used. 
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5,000,000-K VA COMPRESSED-AIR circuit breaker 

that is rated at 69,000 volts with 2,000-ampere 
continuous current-carrying capacity has been developed 
and tested. The breaker is completely metal enclosed. Six 
condenser bushings extend through the roof for mounting 
of current transformers, potential devices, and for connec- 
tion to the customer’s bus structure (Fig. 1). Verification 
tests included interrupting demonstrations at 66, 44, and 22 
kv. Tests with varying rates of rise of the transient recovery 
voltage were also included in the testing program. 

A series of single-pole tests were made with the breaker 
ungrounded, as well as grounded, at test voltages of 66, 
44, and 22 kv. Currents measuring from 49,000 to 51,000 
amperes at 22 kv were interrupted on both grounded and 
ungrounded circuits. This is the equivalent of between 
5,800,000 and 6,100,000 kva at 69 kv. The maximum lab- 
oratory current available at 66 kv, which measured 25,000 
amperes, was also interrupted. 

The next series of tests was made with varying rates of rise 
of the transient recovery voltage. It can be shown that the 
maximum rate of rise of recovery voltage that will appear 
across the breaker lower orifice is determined by the 
breaker shunting resistor, when the breaker is applied on a 
circuit of a given short-circuit capacity. Therefore, the 
application of this breaker may be determined on a labora- 
tory circuit producing rates of rise-of-recovery voltage ex- 
ceeding those encountered in actual service. Tests em- 
ploying various values of capacitive reactance shunting the 
breaker lower orifice, as well as different values of resistors 
shunting the orifice, were made with the object of obtain- 




























Fig. 1. 69-kv compressed-air circuit breaker 
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A 69-Kv Compressed-Air Circuit Breaker 
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ing high rates of rise of the test-circuit recovery voltage. 

It should be noted that control of any circuit is taken over 
by the breaker because of the shunting resistor. Fig. 2 
shows the relationship between the rate at which the breaker 
recovers dielectric strength (curve D) and the maximum 
rate at which any 69-kv 5,000,000-kva circuit with a 12-ohm 
resistance-shunted breaker can apply voltage to the breaker 
terminals (curve C). It should.be noted that at any time 
after current zero, if curve D lies to the left and above curve 
C, the arc cannot be re-established since the voltage ap- 
plied by the circuit will not be sufficient to cause breakdown 
through the dielectric strength developed within the 
breaker. Points E and F on curve D were obtained from 
high-current interrupting tests while point G was deter- 
mined from voltage withstand tests made on an interrupter 
when not interrupting current. Point G is valid because 
its time relationship is such that deionization has already 
taken place. Curve A is the calculated recovery voltage for 
a 69-kv 5,000,000-kva ungrounded circuit with a 12-ohm 
resistance-shunted breaker. Curve B represents the circuit 
voltage for the first quarter cycle following arc extinction. 
Curve C results from subtracting the ordinates of curve B 
from 85,000 volts (69 kv X 4/2 X 87 per cent), and then 
subtracting this difference from the ordinates of curve A. 

Successful interruption of 5,000,000 kva with an ample 
margin of safety has been demonstrated on both grounded 
and ungrounded circuits with rates of rise of recovery volt- 
age much higher than any known field circuit. 
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Intermittently Increased Kilovar Output 


P. M. MINDER 


ASSOCIATE MEMBER AIEE 


ECOMMENDATIONS HAVE BEEN MADE by 
the AIEE for permissible 60-cycle overvoltage opera- 
tion of power capacitors. Operation at overvoltage of 
Capacitors means an increased kilovar output proportional 
to the square of the voltage increase. -So far, little use has 
been made of the economics offered by this overload ca- 
pacity. The overload capacity of capacitors can be used ad- 
vantageously for two temporary system requirements: (1) 
a short-time comparatively large kilovar increase for system 
stability in emergency cases; and (2) a longer-time com- 
paratively small kilovar increase for intermittent extreme- 
voltage or power-factor improvement. 

Two methods for applying an overvoltage on all or part 
of the capacitors of a large bank are described. Both 
methods are similar in that they are applicable only to 
multiseries group capacitor banks.. Under certain condi- 
tions both methods can be of great economic advantage 
since a temporary kilovar increase is accomplished only by 
the addition of a few small capacitor switches. 

The principle of the series-short-circuiting method (Fig. 
1) is to have one or more series groups in all three phases 
temporarily short-circuited, preferably the ones closest to 
the neutral. By short-circuiting some but not all series 
groups of a multiseries group capacitor bank, higher than 
normal voltage is applied across the remaining series groups 
which results in an increased kilovar output of the whole 
bank. The cost of this extremely simple kilovar increasing 
method is very small and is composed only of the cost of 
some small 15-kilovar capacitor switches, maybe some in- 
rush current-limiting reactors, and possibly some insulating 
transformers for the control of the switches. 

The kilovar increase is shown as a function of the number 
of series groups with that of short-circuited series groups as 
a parameter in Fig. 2. With the series-short-circuiting 
method, the ratio of the kilovar increase above rated kilovar 
is the same as the increase in voltage above rated voltage of 
the series groups which are not short-circuited. The square 
relationship between kilovar increase and voltage increase 





is lost for the bank as a whole because the short-circuited 
series groups do not produce any kilovars. 

The principal idea of the series-parallel method (Fig. 3) 
is to switch in parallel two series groups which normally are 
in series, so that double rated voltage is applied on all 
capacitors. Therefore, the kilovar output is four times rated 


kilovar. This scheme is especially effective for increasing 
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Nsx = Number of short-circuited series groups per phase 


the system stability for a short emergency period. Its ad- 

vantage over the series-short-circuiting scheme is that all 

capacitors contribute to the increased kilovar, but its dis- 

advantage is the larger number of switches required as well 
as a more complicated scheme in general. 

Neither of these methods 

is in use now, but it is 
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Series-short-circuiting method Fig. 3. 
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hoped that now some interest 

will be aroused among the 

electric companies to utilize 

> gone every dollar’s worth out of a 
a oe capacitor bank. 


TO GET 4 TIMES RATED KVAR 
SWITCHING SEQUENCE 
CLOSE |, OPEN 2, CLOSE 3. 
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Dielectric Behavior of Some Fluorogases 
and Their Mixtures With Nitrogen 


G. CAMILLI 


FELLOW ATEE 


Preliminary evaluations of new fluorogases 
indicate that the dielectric characteristics of 
many of the new fluorocarbons are superior to 
those of the halogenated gaseous compounds. 
However, it is often advantageous to mix these 
gases with nitrogen to lower the cost, reduce the 
condensation point, and obtain a more uniform 
breakdown characteristic in the nonuniform 


field. 


N THE LAST 15 YEARS, the practical possibilities of 
i the fluorogases as dielectrics have increased and their 
Sulfur 
hexafluoride and Freon 12 are available economically in 


use demonstrated in several applications.'? 


large quantities and for this reason have received extensive 
study.*-* However, fragmentary data showed that many 
compounds although not yet available in large quantities, 
held promise and needed comprehensive evaluations. 

The corona starting voltage and the impulse and 60-cycle 
strength in uniform and in a nonuniform field of the new 
fluorogases have been investigated and comparative values 
with both SF. and nitrogen are given in this article. Be- 
cause of the well-known “anomalous behavior” of elec- 
tronegative gases, the strength of these fluorogases in a non- 
uniform field begin to drop in a certain region of pressures. 
It was found possible to shift this region for practical 
purposes to a higher pressure range by mixing the gases with 





T. W. LIAO 


MEMBER AIEE 


R. E. PLUMP 


nitrogen. Additional benefits of this procedure also were 
realized in lowering total gas cost and condensation tem- 
perature which is very desirable for outdoor applications. 
These advantages resulting from mixing nitrogen should 
find radical applications. 

The test cell made of a Plexiglas cylinder of 8-inch inside 
diameter with herkolite end plates was used. Two sets 
of test electrodes were chosen to simulate the fairly uniform 
field and the nonuniform field conditions often encountered 
in an electric apparatus. The former consists of 3-inch- 
diameter chrome-plated planes with rounded edges. The 
other set consists of a 1/4-inch-square aluminum rod and 
a 3-inch-diameter grounded plane. The electrode spacing 
was adjusted by means of a micrometer connected to one 
of the electrodes. 

Before each fluorogas was admitted into the cell, the 
cylinder was first washed with soap and water, rinsed with 
distilled water, and dried in an oven. After the cylinder 
was assembled in place, the cell was evacuated two times 
between which it was flushed with the test gas. Then the 
test gas was admitted to the desired pressure for test. 

During the 60-cycle breakdown voltage tests, the voltage 
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diameter round-edged plane-to-plane, 1/2-inch spacing) 


was raised at a rate of about 1 kv per second until break- 
down occurred. For corona tests the voltage was raised at a 
slower rate, but in neither case was the rate of rise found to 
be critical. During impulse tests the voltage was increased 
in approximately 10-per-cent steps and one 1.5x50-micro- 
second impulse was applied at each step until breakdown 
occurred. Three breakdown values were taken for each 
gap spacing for either type of voltages. 


DIELECTRIC STRENGTH OF FLUOROGASES 


THE DIELECTRIC STRENGTH of fluorogases is, in general, 
much higher than that of air. The breakdown voltages 
vs. electrode spacing with a pair of 3-inch-diameter round- 
edged planes are plotted in Fig. 1. 

It is seen that the slopes of the curves are not alike for 
the various gases, especially at large spacings. This is 
attributed to the deviation from uniform field at the elec- 
trode edges for such spacings, and the different reactions of 
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the gases to the field distortion. Therefore, it is not proper 
to compare the relative intrinsic strength of the various 
gases at those spacings. 
the field is fairly uniform, a comparison of the relative 
strengths can be made. By plotting the breakdown voltages 
of the various gases at 1/2-inch spacing vs. their molecular 
weights, one can conclude that the dielectric strength of 
the gases, as shown in Fig. 2A, increases roughly with the 
molecular weight. Similar relationship was also found in 
hydrocarbon liquids where the dielectric strength increases 
with density® and with molecular chain length.’ It is 
interesting to note that the nonuniform field strength of the 
gases seem to increase even faster with the molecular weight, 
as shown by curve B of the same figure. However, this 
relationship should not be generalized at this time. 


However, at small spacings where 


The dielectric strength of these gases has also been deter- 
mined at pressures higher than atmospheric. The linear 
increase with pressure, shown in Fig. 3, is in accord with 
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Fig. 7. 


Paschen’s law. However, the small difference in slope for 
the various gases is not clear. This pressure dependence 
has been utilized in gas-insulated apparatus'®” in which 
the electrode configurations give essentially uniform fields. 
However, it is well known that in nonuniform fields the 
strength of the electronegative gases actually decreases with 
increasing pressure in some region of pressures.* This 
anomalous behavior is possessed by all electronegative gases 
or a mixture of gases that contain an electronegative gas, 
such as QO» in air.* For a 1-inch rod-to-plane gap, the 
anomalous behavior of some electronegative fluorogases 
is shown in Fig. 4. It is seen that the “‘critical pressure” 
at which the strength begins to drop is different for different 
gases. 

For a specific gas this anomaly can also be observed by 
plotting the strength of the gas vs. electrode spacing such as 
shown in Fig. 5. It is seen that this anomaly occurs when 
For 
instance, for pressures of 15 and 45 pounds per square inch 
gauge, the anomaly starts at about 0.5- to 1-inch spacing. 
At atmospheric pressure, the anomaly does not occur within 
a range of a few inches for most of the gases in Fig. 6. 

When the curves on Fig. 6 are compared with those of 
Fig. 1, one finds that the strengths of these gases determined 
with the rod-to-plane and with the parallel planes are com- 
parable except for dry air. This is due to the fact that the 
breakdown of the rod-to-plane gap is preceded by corona. 
By virtue of the electronegative property of these fluorogases, 
corona produces a much larger cloud of negative ions than 
in the case of dry air. When the rod is negative, these ions 
minimize the high gradient at the rod resulting in a greater 
uniformity of the field. Consequently, the breakdown 
values are close to the ideal parallel-plane values. When 
the rod is positive, the breakdown phenomenon can be 
treated in two regions of electrode spacing. At small spac- 
ings, negative ions formed at the rod during negative voltage 


the breakdown curves deviate from a linear increase. 
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crest would be swept into the plane before the following 
positive half cycle. Thus, breakdown can be initiated by a 
positive streamer. At large spacings, however, negative 
ions formed during almost the entire negative half cycle do 
not have time to be swept out completely and return to the 
rod during the positive halfcycle. They tend to neutralize 
any positive ions created by a positive streamer emanating 
from the rod, thus prohibiting the propagation of the 
streamer to the plane. This is schematically illustrated in 
Fig. 7. Therefore, at large spacings the rod-to-plane 
values are actually higher than those obtained with round- 
edged planes in most cases. A similar phenomenon was 
also observed in air and the streamer prohibition mechanism 
in air was described in considerable detail in a corona 
paper’? which states that a positive streamer would emanate 
at a higher voltage from a smaller wire than from a large- 
diameter one. This phenomenon often appears contrary 
to the common experience in that rounded electrodes should 
result in a higher breakdown voltage than sharp electrodes. 

The visual corona starting voltages for the various gases 
are shown by the dotted curves of Fig. 6. To avoid in- 
consistency of human eyes during the tests, a photocell 
incorporated with an amplifier and an indicating meter was 
used. A light-detection method was preferred because 
there was some minute corona in the test cell which con- 
fused the indication by conventional electrical detection 
methods."-" It is conceivable that these corona values 
might be slightly higher than the actual corona starting 
voltages. 
values are often referred to as due to “‘corona stabilization.’ 


The wide separation of corona and breakdown 
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DIELECTRIC STRENGTH OF MIXTURES OF 
FLUOROGASES AND NITROGEN 

IN SEARCHING for a means to avoid the anomalous be- 
havior of the fluorogases with nonuniform field, nitrogen 
was mixed with C,4Fi9 in various proportions. It was 
extremely interesting to find that at 15 pounds per square 
inch gauge while the breakdown voltage of pure CyFio had 
dropped below 100 kv, Fig. 4, a 1-to-1 mixture actually 
yielded a higher strength. 
curve in Fig. 8. It is seen that the strength is maintained 
above that of the pure C,4Fi9 up to a mixture of 5 (Ne) to 
1 (C4Fi0). The reason for this is that as Ne is mixed into 
C,4F jo, the critical pressure of the anomalous region becomes 
higher. As illustrated by the dotted curves in Fig. 4, a 
5 (Ne) to 1 (C4F io) mixture will shift the critical pressure 
to about 25 pounds per square inch gauge below which the 
mixture strength increases with pressure as a normal gas. 

In the uniform field, the strength of the mixture is lower 
than that of the pure gas. 
pressures the uniform-field strength for the mixtures is 
proportionally increased. For instance, at 15 pounds the 
breakdown strength of the mixture of 4 (Ne) to 1 (C4F io) 
or less is above the pure gas at atmospheric pressure. 
These are illustrated by the broken curves in Fig. 8. 


This is also shown by the solid 


However, by using higher 


IMPULSE STRENGTH OF FLUOROGAS-NITROGEN 
MIXTURES 


DATA ON THE IMPULSE BREAKDOWN CHARACTERISTICS of the 
insulating gases are pertinent when they are used in 
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fluorogases (3-inch-diameter round-edged plane-to-plane, atmospheric pressure). 


Fig. 10. Comparison of impulse and 60-cycle 


breakdown characteristics of fluorogases (1/4-inch-square rod-to-plane gas—atmospheric pressure): Solid curves for 5(N2) to 1(CyF\») mix- 


ture; dashed curves for 14( Nz) 1(CyFiq) mixture 


apparatus that is liable to be exposed to lightning or 
switching surges. It is expected that the difference in 
impulse strengths of various gases in a quasi-uniform field 
should be comparable to the difference of their 60-cycle 
strengths because of the lack of corona prior to break- 
This is illustrated in Fig. 9. The curves show that 
the impulse strength of C4Fio is higher than that of SF. by 
an amount comparable to the difference of their 60-cycle 
strengths. 
strength) is higher than unity. 

However, when the gases are tested with a nonuniform 
field (rod-to-plane) gap, a given gas might have a higher 
60-cycle strength but a lower impulse strength when com- 
This is illustrated by Fig. 10. 
From the figure it can be seen that the impulse ratios are 
consistently less than unity, except perhaps at the small 
spacings where the field is less nonuniform. ‘These anom- 


down. 


The impulse ratio (impulse to 60-cycle crest 


pared with another gas. 


alous characteristics are attributed to the presence and 
intensity of corona prior to breakdown and the resulting 
space charge which varies for different conditions. The 
difference of the corona or space-charge effect can be 
illustrated by plotting the strength of the gas with various 
pressures, as shown in Fig. 11. It is seen that neither the 
impulse nor the 60-cycle strength increases consistently 
with pressure as for an ideal gas. The anomaly 
pronounced in the 60-cycle case where the effect of corona 
or space charge is expected to be larger. 

It has been shown previously that the addition of N» 
to the fluorogases effectively shifts the critical pressure to 
a higher value in the case of nonuniform field. 
found to be true also in the case of impulse voltages. 
instance, in Fig. 12 the nonuniform field strength appears 
to start dropping slightly at about 10 pounds per square 
inch gauge for a 5-to-1 mixture. With further increase of 
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Ne content from 5 to 14, the critical pressure is shifted 
to higher than 15 pounds per square inch gauge. How- 
ever, the mixture ratio for a given certain critical pressure 
is not the same for all fluorogases. As yet, no definite 
relation between these parameters and the molecular 
structure of the gases has been found. Similar to the 60- 
cycle case, no critical pressure was found for the uniform 
field breakdown characteristics of the mixtures. In fact, 
the strength of the 5-to-1 mixture increases linearly with 
pressure as illustrated by the lower curve of Fig. 12. 


CONCLUSIONS 


IN THE LAST FEW YEARS, many new fluorogases have 
been available. Preliminary evaluations indicate that in 
many instances the dielectric characteristics of the new 
fluorocarbons are superior to those of the earlier halo- 
genated gaseous compounds. In some cases, however, 
it is desirable to mix these gases with nitrogen for the pur- 
poses of lowering the total cost of the gases, to reduce the 
condensation point of the pure fluorogases, and to obtain 
a more uniform breakdown characteristic in the non- 
uniform field. 

REFERENCES 


1. A Compact Pressure Insulated Electrostatic X-Ray Generator, J. G. Trump, 
R. J. Van de Graaff. Physical Review, New York, N. Y., vol. 55, 1939, pp. 1160-5. 


2. Million-Volt X-Ray Outfit, E. E, Charleton, W. F. Westendorp, L. E. Dempster, 
G. Hotaling. Journal of Applied Physics, New York, N. Y., vol. 10, 1939, pp. 374-85. 


3. The Effect of Pressure on the Positive Point to Plane Dischargesin Nitrogen, Oxygen, 
Sulfur Hexafluoride, Etc., H. C. Pollack, F. 8. Cooper. Physical Review, vol. 56, 1939, 
p. 170. 


4. High-Pressure Gas as a Dielectric, G. C. Nonken. AIEE Transactions, vol. 60, 
1941, pp. 1017-20. 


5. Positive Point to Plane Spark Breakdown of Compressed Gases, T. R. Foord. 
Nature, London, England, vol. 166, 1950, p. 688, 


6. On the Electric Strengths of Aliphatic Hydrocarbons, R. W. Crowe, J. K. Bragg, 
A. H. Sharbaugh. Journal of Applied Physics, vol. 25, March 1954, p. 392. 


7. The Dielectric Breakdown of Some Simple Organic Liquids, B. Salvage. Pro- 
ceedings, Institution of Electrical Engineers, London, England, pts. 4 and 5, October 
1951, p. 98, 


8. Dielectric Breakdown of Sulfur Hexafluoride in Non-Uniform Fields, C.N. Works, 
T. W. Dakin. AIEE Transactions, vol. 72, 1953, pt. 2, pp. 682-7. 


9. Some Experiments on Positive Point-to-Plane Corona and Spark Breakdown of 
Compressed Gases, T, R. Foord. Proceedings, Institution of Electrical Engineers, London, 
England, vol. 100, pt. 2, no. 78, December 1953, p. 585. 


10. Detection of Corona in Oil at Very High Voltages, T. W. Liao, J. S. Kresge. 
AIEE Transactions, vol. 73, 1954, pt. 3, pp. 1389-95. 


11. A Method for Detecting the Ionization Point of Electrical Apparatus, G. E. 
Quinn. AIEE Transactions (Electrical Engineering), vol. 59, December 1950, pp. 680-2. 


12. Internal Discharges in Dielectrics: Their Observation and Analysis, A. E. W. 
Austen, W. Hackett. Journal, Institution of Electrical Engineers, vol. 91, 1944, pp. 
298-322, 


13. Internal Corona Discharges in Insulated Cables, E. W. Greenfield. AIEE 
Transactions, vol. 66, 1947, pp. 591-609. 


14. Impulse Corona Detection, Measurement of Intensity, and Damage Produced, 
J. H. Hagenguth, T. W. Liao. Jbid., vol. 71, pt. 3, January 1952, pp. 461-5. 


15. An Experimental Gas-Insulated 138-Kv Current Transformer, G. Camilli, Power 
Apparatus and Systems, vol. 74, April 1955, pp. 100-04. 








Electric Heater Increases Oil-Well Production 


Camilli, Liao, Plump—Dielectric Behavior of Some Fluorogases 


This 18-foot electric oil-well heater, which has been de- 
veloped co-operatively by N. W. Curson and Associates and 
the industrial heating department of the General Electric 
Company, is being constructed by the Castaic Oil Tool 
Corporation. It has been increasing oil output as much as 
900 per cent in low-producing wells. The electric heater 
was built for N. W. Curson and Associates, who report 
that on oil wells which formerly produced 5 barrels of oil 
a day, production has been increased to a maximum of 45 
barrels a day. The increased production is the result of 
the faster rate of flow which is made possible by the heaters 
lowering the viscosity of the heavy sludgy crude oil in this 
type of well. 

Constructed from six 80-inch Calrod* heater units 
connected in pairs, the total rating of the complete heater 
is 460 volts, 15 kw. The Calrod heaters are sealed in 
oiltight pipes, and the connections are brought up through 
a rigid conduit. 

Additional work on oil-well heating problems is being 
carried on by the General Electric Company and N. W. 
Curson and Associates at the Newhall, Calif., plant of the 
Castaic Oil Tool Corporation. It is anticipated that even 
greater production increases will be effected when larger 
heaters, which are now under construction, become avail- 
able for installation in other low-producing oil wells. 





* Registered trade-mark of the General Electric Company 
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N MANY important applications, magnetic materials 
in the form of thin laminations are subjected to a com- 

pressional stress. Particularly important examples of this 
type of application are the clamping of magnetic lamina- 
tions for electric motors, transformers, and synchro-com- 
ponents. In each of the examples, the direction of the 
compressional stress is perpendicular to the direction of the 
magnetic field and perpendicular to the plane of the lamina- 
tions; hence, this case warrants special consideration. 

Toroidal laminated specimens of ten different magnetic 
materials were tested. The specimens were 3.5-per-cent 
and 6.4-per-cent silicon-iron, 81-per-cent and 90-per-cent 
nickel-iron, and both hydrogen- and air-annealed samples 
of AEM 4750, 12 Alfenol and 16 Alfenol. 

Two types of tests were made, and for each test the mag- 
netic properties of the specimen were measured at trans- 
verse compressional stresses of 0, 100, 200, 300, 400, and 500 
pounds per square inch (psi). The first of these tests was 
the standard d-c fluxmeter measurement of maximum 
permeability, remanence, coercive force, and near-satura- 
tion flux density as measured at a field of 30 oersteds. The 
second test was made with a-c fields at frequencies of 60 and 
400 cycles per second (cps). The purpose of this test was to 
determine the effect of transverse compressional stress on the 
a-c magnetization curve and a-c hysteresis loop. 

Some of the results of the a-c tests are shown in Figs. 1 
and 2. Fig. 1 shows the effect of a compressional stress of 
500 psi on the 60-cps hysteresis loop of the negative magneto- 
striction material, 90-per-cent nickel-iron. The observed 
result of a decrease in the rectangularity of the hysteresis 
loop at higher values of compressional stress was typical for 
all the materials tested which had nonzero magnetostric- 
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Fig. 1. Dynamic hysteresis loops at a 


frequency of 60 cps for hydrogen-an- 
nealed 90-per-cent nickel-iron at trans- 
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Fig. 2. Dynamic hysteresis loops at a 
frequency of 60 cps for 6.4-per-cent 
silicon-iron at transverse compressional 
stresses of 0 and 500 psi 


tion. It should be noted that when the compressional 
stress is applied in the same direction as the magnetic field, 
materials having negative magnetostriction exhibit an in- 
crease in rectangularity rather than the decrease shown in 
Fig. 1. Fig. 2 shows that for the zero magnetostriction ma- 
terial, 6.4-per-cent silicon-iron, the compressional stress 
produces no noticeable change in the dynamic hysteresis 
loop. 

From the results of the measurements on the ten mate- 
rials tested, several conclusions can be drawn regarding the 
sensitivity of magnetic materials to a transverse compres- 
sional stress: 


1. Variations in magnetic properties are dependent on 
the magnitude and not the sign of the magnetostriction. 

2. For materials having nonzero magnetostriction, under 
the action of an increasing transverse compressional stress: 
(a) the maximum permeability decreased, (b) the coercive 
force increased, (c) the remanence decreased, (d) the flux 
density near saturation remained virtually unchanged, and 
(e) the maximum a-c flux density decreased. 

3. The magnetic characteristics of materials having zero 
magnetostriction remain virtually unaltered by transverse 
compressional stress except at very low fields. 


The results of this digest can be applied in choosing a 
magnetic material for a particular application where sensi- 
tivity to transverse compressional stress is an important de- 
sign consideration. 





Digest of paper 55-171, “Effects of Transverse Compressional Stress on Magnetic Lam- 
inations,” recommended by the AIEE Committee on Basic Sciences and approved by 
the AIEE Committee on Technical Operations for presentation at the AIEE Winter 
General Meeting, New York, N. Y., January 31—February 4, 1955. Scheduled for 
publication in AIEE Communication and Electronics, 1955. 


R. E. Fischell is with the U. S. Naval Ordnance Laboratory, Silver Spring, Md. 





Switching of Substation Capacitor Banks by 


Current-Biased Induction-Voltage Relay 


W. C. OSTEEN 


MEMBER AIEE 


Data presented in this article, plus operating 

experience with this type of control, prove that 

large banks of substation static capacitors may 

be successfully switched automatically to gain 

the maximum benefit in voltage control and 
power factor correction. 


F large banks of substation static capacitors are to be 
I automatically switched as a unit for voltage control 

and power factor correction, a control scheme is 
usually required that will respond to both voltage and cur- 
rent and is adjustable over a wide and accurate range. 

This article discusses the development of such a scheme, 
utilizing a conventional single-phase voltage relay, modified 
by the addition of a current winding, or a dropping resistor 
to provide the required control. 

A number of static capacitor banks, ranging in size from 
720 to 2,640 reactive kilovolt-amperes, were installed at 
various distribution substations of 16 kv, 11 kv, and 4 kv 
for voltage and power factor control, and were connected 
as shown in Fig. 1. These static capacitors were to be 
switched automatically in a single unit, controlled by the 
station bus voltage, and becoming, in effect, a single-step 
voltage regulator. 

The bus-voltage change or rise caused by static capacitors 
connected to a bus is independent of the load or power 
factor at the bus, or the load or power factor of the trans- 
formers directly supplying the bus. This bus-voltage rise 
or change is a direct function of the impedance between the 
distribution station bus and the source or transmission sta- 
tion, which usually includes transformer bank (or banks) 
and transmission line (or lines). The higher the impedance 
the greater will be the change or rise in bus voltage, and low 
impedance will produce less rise or change. A close 
approximation of this rise or change can be calculated by 
kvar 


Tsc X 100 = Per cent of volts rise 


where TSC = total short circuit (kva) at station bus. 


STRAIGHT VOLTAGE CONTROL 


For automatic control of these substation static capacitors, 
a standard beam-type primary relay, or contact-making 





Full text of conference paper CP55-17, “Automatic Switching of Substation Static 
Capacitor Banks by a Current-Biased Induction Disk-Type Voltage Relay,” presented 
at the session of the AIEE Committee on Substations, AIEE Winter General Meeting, 
New York, N, Y., January 31-February 4, 1955. 

W. C. Osteen and J. J. McCullough are with the Southern California Edison Company, 
Los Angeles, Calif. 
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voltmeter, actuated from bus potential transformer was 
used. This type of straight voltage control proved un- 
satisfactory for the following reasons: 


1. Bus-voltage change out-of-range of the contact- 
making voltmeter. At some locations, particularly those 
a considerable distance from the transmission or source 
station, the bus-voltage change or rise caused by the 
capacitor bank was found to be 5 volts or more. This 5 
volts plus a necessary 3-volt clearance spread called for an 
8-volt total bandwidth on the contact-making voltmeter, 
which made a difficult and inaccurate setting, as these 
relays are designed for a maximum accurate bandwidth of 
6 volts; also a band spread of +4 volts was too great for 
efficient use of the capacitor. 

2. Not sufficient bus-voltage change between light- and 
heavy-load periods. At stations located near the source 
of supply the bus voltage is kept nearly constant by voltage 
regulation at the source station. A minimum bandwidth 
setting on the contact-making voltmeter would be out of 
range of the change in voltage. At heavy-load periods, 
even though voltage correction is not essential, the capacitor 
banks are very desirable for improving power factor and 
materially reducing transformer-bank amperes. The 
opposite would apply during light-load periods; that is, 
power factor may be leading with the capacitors “on” 
and switching the capacitor “‘off’’ would result in improved 
power factor and reduced bank amperes. 

3. Hunting, or continuous ‘‘on” and “off.” As stated 
in the foregoing, the rise in bus voltage because of static 
capacitors connected to the bus, is controlled by the total 
impedance between the bus to which the capacitors are 
connected and the source or generating station. When the 
distribution station is operating with reduced capacity 
such as the outage of transmission lines or transformer 
capacity, the impedance to the source station is increased, 
and bus-voltage rise caused by the capacitors would in- 
crease. When this voltage increase equals or exceeds the 
voltage bandwidth of the contact-making voltmeter, con- 
tinuous “fon” and “off” or hunting results. 


CURRENT-BIASED CONTROL 


For efficient and satisfactory automatic control of these 
substation capacitors, a relay was needed that would re- 
spond to both voltage and current, and also would have a 
bandwidth adjustable over a wide and accurate range. 

To get the desired results a standard 115-volt single- 
phase induction disk-type relay, equipped with adjustable 
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contacts, was used. The adjustable contacts were single- 
pole double-throw, one for opening and one for closing the 
capacitor breaker. 

A 14-turn hand-wound current coil was installed or 
wound over the outside of the potential coil, and connected 
to one phase of the secondary current used for total metering 
of the low-voltage bus load. (See Fig. 1.) The potential 
coil was connected to the 115-volt secondary of bus poten- 
tial transformers, and this voltage was selected to lag the 
current applied to the relay by 30° at 1.0 power factor. 

This type of relay (Fig. 2) is equipped with a spiral con- 
trol spring for adjusting the torque required to move the 
disk, and this point can be varied from 12 volts across the 
potential coil to move the disk to 48 volts. A 2,000-ohm 
25-watt variable resistor in series with the potential coil is 
used to adjust the potential-coil voltage drop. The poten- 
tial coil is designed for 67 volts maximum continuous duty. 
A maximum setting of the control spring (48-volt drop 
across the potential coil to move the disk), with 5 amperes in 
the current winding, will make the relay more sensitive 
to current than to voltage; percentage-wise, about 80 per 
cent current and 20 per cent voltage. At a minimum 
control spring setting the relay is more voltage sensitive, 
about 30 per cent current and 70 per cent voltage. 

Viewed from the front, the right-hand, or switch-closing, 
contacts of the relay are closed when no voltage exists 
When sufficient voltage is 
applied to the potential coil, torque is developed which wiil 
move the disk to close the left-hand or switch-opening 
contacts. The amount of torque or voltage required to 
move the disk to the left-hand contacts is variable by the 
spiral control spring; that is, the tighter or more tension 
used on the control spring, the greater is the torque or 
voltage required to close the left-hand contacts. When the 
movable contacts, which are attached to the disk shaft, are 
held by voltage in the mid-point between the left-hand and 
right-hand contacts, then lower voltage or increased current 
(the current flux opposes the voltage flux) will allow the 
control spring to close the right-hand contacts which will 
close the capacitor breaker. Increased voltage and de- 
creased current, assisted by leading power factor, will in- 
crease disk torque, overcoming the control spring, and the 
relay disk will move to close the left-hand contacts which will 
open the capacitor breaker. 

The relay contacts for opening and closing are adjustable 
for a wide range of band spread and provide the most 
accurate and important adjustment. By proper adjust- 
ment of the series resistor, control spring, and contacts, any 
combination of current and voltage torque that meets the 
requirements of the station voltage and load can be applied 
to the relay. 

At a power factor of 1.0, the current applied to the relay 
leads the potential by 30° (Fig. 3) and, as connected, this 
current flux opposes the voltage flux. In general, when the 
station load increases the bus voltage falls, the amperes in- 
crease, and the current moves in the lag direction as the 
power factor goes lower. These three conditions add to 
give less torque on the relay disk, and at a preset value the 
relay contacts make, closing the capacitor-bank circuit 
breaker. When the capacitor switch is closed there is a 


across the relay potential coil. 
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rise in bus voltage, a drop in transformer-bank amperes, 
and the power factor changes moving the current lead. 
These three conditions add to increase torque on the relay 
disk, moving the disk toward the switch-opening contacts. 
Proper setting of the relay, however, will insure the capaci- 
tor switch will not open immediately after the switch has 


been closed for a given bus load and voltage. Further in- 


An electronic instrument for quick and accurate diag- 
nosis of automotive engine ills, has been developed in the 
research laboratories of Socony-Vacuum Oil Company. 
The device, listed as the Du Mont type 907 cathode-ray 
engine analyzer, will be manufactured and sold by the 
Allen B. Du Mont Laboratories, Inc., Clifton, N. J., under 
a licensing agreement recently concluded between Socony- 
Vacuum and Du Mont. Weighing under 60 pounds, it 
can televise engine performance through a TV-like cathode- 
ray tube on an oscilloscope screen. Connected to an auto- 
mobile ignition system by two simple lead wires, it gives 
simultaneous pictures of the behavior of each cylinder in 
an operating engine. It can diagnose faults in an auto- 
mobile ignition system in less than 1 minute. 

The analyzer detects ignition system troubles, including 
spark-plug fouling and misfiring, broken plugs that are 
open- or short-circuited, defective wiring and switches, 
worn distributor cam and shaft bearings, and defective coil 
or condenser. Burned distributor points are easily identi- 
fied by the analyzer. In addition, it will diagnose pre- 
ignition faults as well as troubles caused by noise and 
vibration or combustion knock. 

Power may be supplied by the car battery or from any 
ordinary 110-volt source. Its use in road testing makes it 
possible to detect engine faults that show up only under 
particular operating conditions. 

With little instruction mechanics can identify common 
ignition ills, but further training and experience are re- 
quired to recognize obscure engine troubles. 
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crease in bus load will, of course, move the disk back 
toward the switch-closing position. When bus load de- 
creases to a preselected condition, increased relay disk 
torque caused by voltage rise, current drop, and power 
factor change will open the capacitor circuit breaker. 

A second scheme was successfully developed using a 
relay similar to the one described in the foregoing, except 
that no resistor in series with the potential coil or added 
current winding is used. This type of relay has a potential 
coil designed for +120 volts. 

An 85-watt dropping resistor variable from 4.7 to 18.8 
ohms is installed in the potential circuit, and the single- 
phase current is connected across this dropping resistor. 
(See Fig. 4.) A 3-to-1-ratio instrument current transformer 
is connected between the current source and the dropping 
resistor. This 3-to-l-current transformer reduces the 
primary current transformer’s burden over what would be 
required by connecting directly across the dropping resistor ; 
it also provides an isolated current source that is free of 
ground and can, in all conditions, be connected to the 
potential supply through the dropping resistor. 

The same conditions of power factor, voltage, current, 
and adjustments apply to this relay with the dropping 
resistor as were described for the relay using a current wind- 
ing over the potential coil. 
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The engine analyzer was invented by Albert E. Traver, 
electronics engineer at Socony-Vacuum’s Technical Service 
Laboratories, Brooklyn, N. Y. Development work was 
conducted by J. Howell Goffe, research associate at the 
company’s Research and Development Laboratories, Pauls- 
boro, N. J. 
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European Practices in Power-Line Design 


EDUARD FRITZ 


MEMBER AIEE 


HIS digest presents a review of wind, ice, and other 

loading assumptions specified by European line de- 
signers, so as to draw a comparison between American as- 
sumptions and those employed abroad. 

A comparison of wind speeds employed by European de- 
signers’ is not conclusive of tower loadings because of the 
differing coefficients in the pressure formula P=KSV?. 
The variations lie in the reduction multipliers for cylinders 
and not in the coefficient for flat surfaces. In this country a 
multiplier of 0.5 is used for bare and iced cables alike, while 
in Europe the multipliers vary from 0.4 to 0.7. 

Wind pressure on towers is generally based on the maxi- 
mum wind speed anticipated. The peak velocity of a squall 
has a relatively narrow front; thus a tower might get the 
full blast. However, the mean velocity over a long span is 
considerably less than the peak anticipated. It was found 
in Swedish tests? that average wind velocity of an entire span 
was 60 per cent of the maximum velocity. As a result of this 
investigation and their A factor of 0.6, they specify 5.1 
pounds per square foot as unit wind pressure on iced cables. 

A corollary to reduced wind pressures on wires is the re- 
sulting smaller swing angles of insulator strings toward the 
tower. Several countries’ are presently giving this their 
attention because it will permit upgrading or increasing the 
voltage use of existing lines if more units can be added to the 
string, and it will reduce the cost of new lines. 

Most countries of Europe include in their designs' an 
allowance for the accumulation of ice on conductors. 
There are those who add 0.47 radial inch; and those who 
add a constant weight, 1.34 pounds per foot, without regard 
to the cable size. When special ice formations are 
specified they are applied as vertical loads to determine 
wire tensions at angles and dead ends, and not coincident 
with wind and broken wire loads. 

The European countries‘ which take into account the 
longitudinal pull of a conductor are of four groups, those 
who combine: (1) wind and broken wire forces, as Ger- 
many; (2) ice and broken wire forces, as Sweden; (3) wind, 
ice, and broken wire forces, as Great Britain, Belgium, and 
Norway; and (4) wind, ice, and a longitudinal pull for un- 
balance in conductor tensions caused by uneven wind and 
ice loadings, as in Italy and Switzerland. 

The Swedish design practice® is worthy of consideration. 
For conductor pulls at corners and dead ends, they compute 
the resultant of their assumed wind and ice load, which 





Digest of paper 55-149, “‘Investigation of European Practices in Power-Line Design,” 
recommended by the AIEE Committee on Transmission and Distribution and approved 
by the AIEE Committee on Technical Operations for presentation at the AIEE Winter 
General Meeting, New York, N. Y., January 31-February 4, 1955. Scheduled for 
publication in AIEE Power Apparatus and Systems, 1955. 


Eduard Fritz is with Day and Zimmermann, Inc., Philadelphia, Pa. 


The author in the fall of 1953, while an engineer for the Pennsylvania Water and 
Power Company, visited nine countries of Europe where he lectured in nine cities. The 
author is indebted to the many European engineers who contributed much of the ma- 
terial from which this article is drawn and with whom he discussed the common problem 
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value is referred to as “weight of ice in the absence of 
wind.” To this they add 30 per cent as overload. In de- 
signs for breakage of a fixed cable, 60 per cent of the 
*“‘weight of ice in the absence of wind” is used, plus 30-per- 
cent overload. For conductor breakage a 50-per-cent reduc- 
tion is allowed to compensate for the deflection of the insu- 
lator string and the bending of the support or crossarm. 
Thirty-nine-hundredth of the design tension is the broken con- 
ductor load at the tower elastic limit used on their 400-kv line. 

There is general agreement in Europe that the supposi- 
tion of a broken wire should be questioned, particularly 
when applied to high-voltage lines with large conductors. 
Conductor failures are indeed rare and, if they are con- 
sidered as being possible, Europeans say that a unit stress 
near the structure elastic limit should be adopted without 
the inclusion of other loads. 

Several structural design features are practiced in Europe, 
which differ from American procedures. High-tensile steel 
towers are now the usual as four grades of steel are available. 
Different-sized and high-strength bolts in the same structure 
to avoid gusset plates and to permit smaller structural mem- 
bers are also common. 

A subject, on which there seems to be agréement in 
Europe but which is treated here quite differently, is the 
torque distribution from a broken conductor at the end of a 
crossarm. ‘The British treatment of rectangular towers, as 
described by A. E. Percivall,® is to consider the crossarm as a 
rigid beam with the torsional reaction taken entirely by the 
longitudinal faces. 

To effect a uniformity for comparison, whether or not 
European design requirements lead to heavier structures 


than ours, the Peterson empirical formula’ W=HeV P? is 
employed to arrive at an estimated weight for the towers of 
each country, using the loading conditions applicable. 

For American towers, a range of calculated weights is 
offered using 8 pounds of wind as cross-line load acting on 
radialice formations from 1/2 to 11/2 inches, coupled with or 
without broken conductor conditions and with the several 
overload capacity factors employed by utility and govern- 
ment agency designers. 
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Transistor Demodulator for Magnetic 


Amplifiers in A-C Servo Applications 


R. O. DECKER 
ASSOCIATE MEMBER AIEE 


A phase-sensitive transistor demodulator in 
series with the high-gain 2-stage magnetic 
amplifier, as described, provides a unit that 
is very effective in a position servo system. 


ULL-WAVE magnetic amplifiers are not efficiently 
F controlled with a-c signals applied directly to the 

control windings because the circuit configurations 
necessary do not give sufficiently high gain. Half-wave 
magnetic amplifiers, which can accept a-c signals directly, 
have relatively low gain. The most sensitive stable mag- 
netic amplifiers require a d-c control current, but in many 
servo applications the servo amplifier must accept a phase- 
reversible a-c signal and deliver an output that will re- 
verse phase as the phase of the input signal reverses. 

An ideal solution to the a-c input problem is obtained by 
inserting a phase-sensitive demodulator in series with the 
magnetic-amplifier control windings. Such a demodulator, 
however, must have good balance characteristics over a 
wide temperature range, and its transfer curve must be 
To maintain the 
reliability of the amplifiers, the use of vacuum tubes should 
be avoided. Demodulators using selenium rectifiers in a 
balanced bridge arrangement are available commercially 
but the unbalance with zero input signal is generally in- 
tolerable for low-level servo applications. The relatively 
high threshold voltage of a selenium rectifier makes the 
demodulation of signals below several hundred millivolts 


linear even at low-voltage levels. 





difficult and makes good linearity difficult to obtain at low- 
voltage levels. 

A demodulator circuit that does not suffer from the dis- 
advantages of the selenium rectifier units but that avoids 
the use of vacuum tubes is shown in Fig.1. Its a transistor 
demodulator that has been combined with a stable high- 
gain 2-stage magnetic amplifier to produce a unit that is 
very effective in a synchro-controlled position system. 


OPERATION 


THE DEMODULATOR CIRCUIT is one of a newly developed 
class of transistor circuits in which the transistors are used 
as switches.' An alternating reference voltage is applied 
between the base and collector of the p-n-p transistors. 
When the base is positive with respect to both the emitter 
and collector, the transistors will act as open switches with 
very low leakage. When the base is negative with respect 
to either, the transistors will act as closed switches with very- 
low-voltage drop. 

The modes of operation are illustrated in Fig. 2. The 
transistor pair, when acting as a closed switch, will pass 
current in either direction if the reference source supplies 
sufficient base current. Since the transistors are being used 
as switches, rather than as amplifiers, their characteristics 
are not critical and the units do not have to be carefully 
matched. Furthermore, the transistors can have poor 
amplifying characteristics and still be successfully used. 
The property which is most important is the Zener voltage 
characteristics of the transitors. The maximum signal 


















































Fig. 1 (left). Transistor demodulator. 
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Fig. 2 (right). 


Modes of operation of transistor demodulator 


ELECTRICAL ENGINEERING 








voltage E, appears across the emitter-collector junction of 
one transistor during the time that one pair of transistors 
is acting as an open switch; thus the junction must be able 
to withstand the peak voltage which the signal source can 
supply. For many synchros this maximum voltage is 30 
volts rms, and the transistors must then have a Zener volt- 
age of 42 volts. 

In the circuit of Fig. 1, two resistors R,; and R» are 
shown; these are used to provide a split signal source. 
However, in some applications these can be replaced by a 
split secondary of an input transformer. The two resistors 
R, and R, do not have to be carefully matched because it 
can be seen from Fig. 2 that for either phase of the alter- 
nating voltage to be demodulated, the circuit operation is 
symmetrical, and the balance of the unit will not be 
affected by an unbalance in R; or Ry. The nominal value 
for this application is 10,000 ohms, because the recom- 
mended minimum load for a synchro control transformer 
is 10,000 ohms. It can be seen from Fig. 2 that for very low 
values of load resistance, the minimum resistance seen by 
the signal source is Ri; = Ry. For other applications, the 
resistors R; and R, may be chosen to be any value with the 
minimum value being set by either the loading of the 
signal source or the maximum permissible current of the 
transistors. Of course, the resistance of the load will have 
to be considered also because of the current division between 
the load and bridge resistances. R3 in many applications 
is the resistance of the control windings, with no external 
resistance being necessary. 

The reference voltage needed for switching the transistors 
is approximately 1 volt and is supplied from two separate 
secondary windings of a transformer 7;. The reference 
voltage should be as nearly as possible in phase with the 
voltage of the signal source because the transistors block 
only when the proper polarities exist between the various 
terminals. In the experimental unit discussed 
sequently the reference voltages were obtained by adding 
two additional secondary windings to the supply transformer 
of the first stage of the 2-stage magnetic amplifier. 


sub- 


EXPERIMENTAL CHARACTERISTICS 


To ILLUSTRATE by practical application (Fig. 3), the 
demodulator has been combined with a 2-stage magnetic 
amplifier that has a high-volt-per-ampere-turn gain when 
direct current is supplied to the control windings. The 
control transformer will supply a phase-reversible 400-cycle 
voltage that will be a measure of the relative position of the 
shafts of the control transformer and synchro transmitter. 
The voltage gradient of the control transformer is 400 milli- 
volts per degree with a maximum output voltage of 27 
volts. 

The d-c output current vs. applied voltage character- 
istic of the demodulator was medsured at room temperature 
—65 C,and +75C. The unit was kept at the extremes of 
temperature for 4 hours before the measurements were 
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made. The curves are shown in Fig. 4. With R; equal to 
2,000 ohms, the null point shift under temperature extremes 
is less than 1 microampere. The data plotted in Fig. 4 were 
taken with voltage applied from the control transformer. 
In this particular system, control transformer voltage is not 
exactly in phase with the reference voltage applied between 
the transistor terminals; thus the rectification efficiency of 
the demodulator is 78 per cent. 

It will be noted that the characteristics remain linear even 
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Fig. 3. 
modulator combined with 2-stage magnetic amplifier 


Position servomechanism using transistor de- 


at small voltages. This linearity exists for voltages at least 
as small as 20 millivolts which is the noise level of the 
synchro units. The influence of the magnetic amplifier 
on the demodulator, and conversely, was tested by measur- 
ing the output current of the demodulator, both with the 
amplifier control winding short-circuited and connected. 
The difference was no greater than that caused by the 
resistance of the control winding alone. The effective 
resistance of the demodulator which determines the time 
constant of the first-stage amplifier is 


RR; 
Ri+k, 


if the internal resistance of the signal source is neglected. 
For most applications, the effective resistance can be main- 
tained at approximately 10,000 ohms, and the first-stage 
amplifier can be made to have a response time no greater 
than 3 or 4 cycles of the supply frequency. The first stage, 
which is usually a d-c to d-c amplifier, can then be treated 
as an operational magnetic amplifier. Series lead or lag 
networks can be used with the d-c to d-c amplifier, or feed- 
back through frequency-sensitive networks around the 
amplifier can be used to provide system compensation.’ 
Fig. 5 is a plot of the frequency—response characteristics of 
the system shown in Fig. 3. The amplifier response has 
been extended by negative integral feedback around the 
first stage and by a series compensating network between 
amplifier stages. The negative integral feedback network 
supplies a steady-state feedback to stabilize the amplifier 
against temperature, voltage, and frequency variations 
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By using negative feedback in this manner it has been 
possible to reduce the drift level of a magnetic-amplifier 
position servomechanism with a transistor demodulator to 
a position error of 0.1 degree over an ambient temperature 
range of —65 C +71 C, and with 10-per-cent variations in 
supply voltage and frequency. 


CONCLUSIONS 


THE TRANSISTOR DEMODULATOR described is a stable 
detector and demodulator capable of operating at signal 
voltage levels at least as low as 20 millivolts and as high as 
30 volts rms with low drift over the temperature range from 
—65C+75C. Itis extremely well suited for operation in 
a synchro-controlled system because it can be readily com- 
bined with a stable full-wave magnetic amplifier. 





@w IN RADIANS PER SECOND 


Fig. 4 (left).’ D-c output current vs. a-c signal- 
voltage characteristics of transistor demodulator. 
Fig. 5 (above). Frequency-response characteristics 
of position servomechanism 


The magnetic-amplifier-transistor-demodulator combina- 
tion makes a stable high-gain amplifier that will amplify 
a-c signals and still enable the full amplification capabilities 
of the magnetic amplifier to be utilized. For synchro- 
controlled systems the sensitivity and drift stability are great 
enough that errors caused by inaccuracy in the magnetic- 
amplifier—-transistor-demodulator combinations 
limiting factors in the over-all servo performance. 


are not 
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Two Major Airlines Add 


Two major U. S. airlines have purchased “‘private-line”’ 
auxiliary-communications devices which increase flight 
safety by freeing the pilot for his most important tasks. 
Pan American World Airways has ordered 47 Motorola 
dual air-borne “Quik-Call” units for “‘Selcal’’ on aircraft 
operating in their Latin American and Pacific Alaska 
Divisions. United Air Lines is buying 198 single units for 
fleet-wide installation, together with associated base station 
equipment. 

Under the Motorola selective-calling method, an aircraft 
radio receiver remains silent until it is triggered by special 
tones transmitted by ground stations prior to the start of 
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Selective-Calling Radios 


each message. The ground-station operator presses buttons 
on a control box to select’the tones which will trigger any 
given receiver—in effect giving the ground operator a 
private line to that plane’s pilot. The Motorola selective- 
calling equipment was developed jointly with Pan Ameri- 
can’s Pacific Alaska Division and has undergone extensive 
flight testing which shows that the selective-calling system 
reduces pilot fatigue appreciably by relieving pilots of the 
monitoring chore. With Motorola air-borne “Quik-Call,” 
only messages intended for a particular pilot or pilots 
pass through the selective decoder and are heard by him or 
them. 
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Noncontacting Vibration Pickups 


H. F. CLARKE 


HIS digest discusses a group of methods for the measure- 

ment of vibration by devices which make no mechanical 
contact with the vibrating object. These devices sense the 
vibrations by their effect on an electric field between the 
pickup and the object shaken and give the magnitudes of the 
frequency, amplitude, and waveform of the vibratory dis- 
placements. In spite of the disadvantage of determining 
accelerations by measuring the frequency, amplitude, and 
waveform of the displacements, owing to the very large range 
of displacements required to hold constant acceleration 
through considerable frequency changes, these devices are 
highly useful. Effectively, they are a class of transducers 
for converting mechanical displacement to electric output 
which do not load the vibrating object. 

Capacitive systems measure vibration by the variation of 
capacitance between the object shaken, which is grounded, 
and a plate or probe connected to the sensitive terminal of 
the circuit. The first transducer of this type was the 
capacitor microphone. The chief problems of using capaci- 
tive systems to pick up vibration arise from the loading of the 
sensing element by lead capacitance, and from obtaining 
linearity. The usual d-c excitation of the capacitor micro- 
phone through a large resistor, which for output signal 
purposes is in shunt with the transducer, is not suitable for 
any vibration measurement in which it is intended to use 
the transducer as a transfer system between static and 
dynamic displacements. For this purpose, a carrier system 
must be used. One common type of carrier system often 
suggested is to let the capacitance of the transducer control 
the frequency of an oscillator, but this method is still subject 
to the limitations already described. 

Microwave systems detect vibration by the change in the 
reflection coefficient of a waveguide or coaxial line whose 
terminating end is open and placed close to the vibrating 
object. They depend on the fact that at very high frequen- 
cies, relatively small geometry changes can produce large 
reactance or susceptance changes, and the effect of these 
changes can be propagated down an electrically long trans- 
mission line without appreciable loss. There are two types 
which might be described: 


1. In the first method, power is fed from an oscillator 
through an element whose purpose is to isolate the oscillator 
from variations in the load. From here the power is fed into 
a conventional hybrid’ junction of the type called the 
“Magic T.” One arm of this T ends in an open piece of 
waveguide placed close to the vibrating surface. The 
opposite arm of the T is terminated by an arbitrarily vari- 
able impedance. The output arm of the T feeds into a 
crystal detector. 

2. In the second method, an oscillator feeds power 
through an isolating element into a directional coupler set 
so as to pick up only reflected power. From here the power 
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passes through a single-screw tuner, through a choke 
flange coupling, out to the vibrating object, is reflected, and 
re-enters the system, so that ultimately a portion of it passes 
out the pickup arm of the directional coupler into a crystal 
detector. This system has the greater linear range. 


Microwave systems tend to be bulky, and their output 
level is low compared to that of the mutual inductance 
systems presently to be described. However, of all the 
systems described they are the least particular about the 
material of the vibrating object. 

Mutual inductance systems pick up the vibration by the 
variation of the mutual inductance of two coils which is 
caused by the proximity of a vibrating highly conducting 
sheet of metal. If a system of two coils is fed by a source 
such that the product of the current in the primary multi- 
plied by the frequency is held constant, dimensions of the 
coils can be so selected that there will be a linear region in 
the curve resulting from plotting the target distance against 
the output of the secondary of the two coils. Such systems 
have been developed by Yates, Davidson, and Greenough"? 
of the National Bureau of Standards. 

Recently, W. W. Woods of Boeing Airplane Company 
developed an improved mutual inductance system in which 
the variation of mutual inductance is used to control the 
frequency of an oscillator, thus making the device an FM 
system. The resulting signal is handled in a manner similar 
to the standard manner of detecting frequency-modulated 
signals, and is fed after detection to suitable measuring 
instruments. The transducer has high sensitivity, and 
although work is not yet complete, it is expected to prove 
quite stable. 

The mutual inductance method is probably the most 
particular system about the nature of the object whose 
vibrations it senses; nevertheless, its convenient probe size 
and its high output make it among the most promising of the 
methods of sensing vibratory displacements. 

A further difficulty of the mutual inductance pickup lies 
in the large ratio of required target size to length of the 
linear region in the input-output curve. On the whole, 
each system offers its advantages, and further evolution can 
be expected in the whole field. In the writer’s opinion, 
the full exploration of either the microwave or capacitive 
systems remains yet to be done. 
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Solid-Core High-Voltage Bushings 


H. H. BRUSTLE 
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HIGH-VOLTAGE bushing which successfully sus- 

tains repeated application of 60-cycle and impulse test 
voltages may not be adequate for prolonged operation at 
rated line-to-ground voltage. ‘Tests to evaluate bushings at 
voltages slightly in excess of operating have, therefore, been 
devised. 

Three methods of measuring corona have been used to 
evaluate a line of resin-bonded solid-core bushings. These 
bushings have been in production and given satisfactory 
service since 1932. The tests include measurement of radio 
noise in microvolts using standard circuits, measurement of 
corona intensity in micromicrocoulombs using the resonant- 
circuit technique, and power-factor measurements as a func- 
tion of voltage. 

Power-factor, corona-intensity, and radio-noise measure- 
ments at various voltage levels and at temperatures ranging 
from 5 to 80 C were effected on solid-compound cores 
rated 69 kv. 

The corona characteristics of the solid-compound core 
differ considerably from those of liquid-permeated struc- 
tures. It has been shown! that for the latter, ionization char- 
acteristics vs. voltage can reveal incipient failure of the in- 
sulation. 

Typical information of this nature which was obtained on 
capacitors shows that such structures possess a so-called 
break point in the corona-intensity curve. Continued 
operation at voltages above this point is damaging in a rela- 
tively short time. 

Corona-intensity levels of the solid-core structure, in con- 
trast with those for liquid-filled systems, vary gradually with 
increasing voltage. The shape of the corona vs. voltage 
curve is typical of the restricted ionization characteristic 
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Fig. 1 (left). Effect of variations in core structure on corona vs. 
voltage characteristics. Fig. 2 (right). Effect of variations in 
core structure on power factor vs. voltage characteristics (data 
from same cores as Fig. 1) 
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associated with voids in a solid structure. It represents the 
ionization level of the weakest link in the dielectric at any 
given voltage. This characteristic curve is quite reproduci- 
ble in the normal product, indicating that no damage has 
occurred, 

The data collected indicate a close similarity between 
radio-noise and corona-intensity measurements, Because 
of these similarities, and due to the facility with which the 
radio-noise measurement may be effected, a conducted 
radio-noise test is now in use as a routine quality-control 
test for bushings using solid compound cores. 

The relationship between power factor and voltage with 
the solid core is greatly influenced by the test temperature. 
The position, and even the existence, of a bend in the power 
factor vs. voltage curve are dependent upon temperature 
level, 

Correlation between the power-factor bend and actual 
measurement of corona is difficult. Three sets of compara- 
tive data illustrated in Figs. 1 and 2 show this quite clearly. 
These data, while not normal for the standard product, do 
show (sample no. 1) that a power-factor bend may occur 
while corona is nonexistent and, conversely, that the power- 
factor bend may be negligible (sample no. 2) although ion- 
ization exists. Data also illustrate that correlation does 
exist between power-factor vs. voltage and corona measure- 
ments (sample no. 3) when corona is severe. 

Conclusions drawn on all of the data taken on the solid 
compound cores are as follows: 


1. The basic design evaluated is entirely satisfactory 
for bushings rated 69 kv and below. Such bushings will last 
indefinitely in service if properly evaluated initially. 

2. The use of the power factor—voltage curve as a basis 
for determining incipient failure can result in rejection of 
bushings having negligible internal corona and in passing 
bushings having significant internal ionization. 

3. Either the radio-noise or resonant-circuit method of 
corona detection is a dependable quality-control test on the 
design evaluated. The simplicity of the radio-noise test 
makes it more easily adaptable to production testing and 
field checking. 

4. It is essential that comparative power-factor vs. 
voltage measurements be made at carefully controlled tem- 
peratures. 
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Radiation Counter for Beta Particles 






D. T. WILLIAMS 


This conduction-type counter uses a cadmium- 
sulfate crystal mounted in a hypodermic needle; 
a probe preamplifier of low noise was designed 
to be used with it. An analysis of the geometry 
of the problem has been derived to yield the 
counting rate in terms of the crystal size, con- 
centration of radioactive atoms, their mean life, 
and the end-point energy of the beta particles. 


RADIATION COUNTER small enough to use in 
A the body of a living animal or person has many useful 

applications. It might be used in radiation treatment 
of cancer, or in control of cancer surgery; it also could be 
used in tracer experiments on living subjects. 

Three types of radiation counters are known, and all 
three types have been made in sizes small enough to fit into 
a hypodermic needle.!. The research reported here con- 
cerns a crystal conduction type of counter designed to be sen- 
sitive to beta (8) particles. Similar counters have been 
briefly reported, notably by Zizzo and Platt.? This type of 
counter has an advantage over the Geiger-Mullertype in that 
its sensitivity to 8 particles of small energy is not reduced by 
the need for a gastight window; its efficiency is likewise 
greater because its density is higher than that of the gas in 
a Geiger-Muller tube. As compared to a scintillation-type 
counter, the conduction counter has the advantage of not 
requiring a light-conducting tube inside the hypodermic 
needle. A great disadvantage is that counting crystals 
usable at room temperature are not generally available at 
the present time. However, a limited number of counting 
crystals was obtained for use in the project reported here. 


DEFINITION OF THE PROBLEM 


IT Is NOT EASY to make a small counter that will give an 
adequate counting-rate. This is true for a number of 
reasons quite beside the difficulty of building any small 

device; it is instructive to 
consider the problem in some 

/¢ detail. 
ere The first 
mY» small counter is the fact that 
a6 the number of counts per 
minute recorded is propor- 
tional to its sensitive volume. 
A counter in a needle, being 
y small at best, will require a 
larger flux of 8 particles for 
given desired counting rates 
4s in inverse ratio to its volume. 

If the counter is designed 
for 8 particles, it can count 


limitation of a 


Fig. 1. 


Variables used in 
analysis 
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such radiation from only a limited volume of the medium in 
which it is used. This fact results from the limited range of 
8 particles in matter. It must, of course, be remembered 
that 8 particles do not all have the same energy initially. 
This means that, in order to have a given counting rate in 
any experiment, the concentration of radioactive material 
must be appropriately large if the 8-particle energy is small; 
also, the actual distribution in energy of the particles must 
be kept in mind. 

Finally, a very special difficulty is associated with any 
attempt to use such a weak 8 particle as that of Carbon 14, 
even though its use would otherwise have considerable at- 
traction. This difficulty is the circumstance that the mean 
life of any radioactive atom is always greater as the energy 
of its emitted particle is less. 
that the concentration of radioactive tracer must be in in- 


A consequence of this fact is 


verse ratio to its mean life for a given counting rate, again, 
other things being equal. 

These considerations have been analyzed with some care, 
and will be presented in detail in the following paragraphs. 


DISTRIBUTION OF 8 PARTICLES IN ENERGY 


THE FACT was mentioned that 8 particles do not all have 
the same initial energy when they are emitted from a given 
type of atom. The energy distribution is expressed in the 
form of a probability Pde that a given 8 particle will have 


an energy e between e+de. According to the Fermi theory 


P.de= Ke~\/2—1(eo—e de (1) 


Here € is the “‘total energy”’ of the electron expressed in units 
of m,c?, where m, is the rest mass of an electron and ¢ is the 
speed of light. The minimum possible value of ¢ is obvi- 
ously equal to 1, at which energy the kinetic energy is 0. Ac- 
cording to the theory of relativity, when ¢ is greater than 1, 
it may be written € = mc? where m > m,. The maximum 
value of € is €9, the so-called “‘end-point’”’ energy of the radio- 
active transition. 

It is clear that P,=0 at e=1 and again at e=e€9; between 
these limits, P, is, of course, greater than 0. The constant K 
is a proportionality constant whose value is adjusted by the 


*‘normalization”’ condition, such that 
1=K f “eV P=1(co—e)¥de (2) 
This means, in effect, that a 8 particle must have some 
value of energy between 1 and €o. 

FORMAL THEORY OF COUNTER GEOMETRY 


THE QUALITATIVE considerations mentioned in the fore- 
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Fig. 2. Cadmium-sulfide-crystal probe counters for the 
Chemical Corps Medical Laboratories 


going have been formalized in a mathematical theory that 
will be briefly reviewed. 

Suppose a surface dS of the counting crystal be immersed 
in a medium having a concentration n of 8-emitting atoms 
with mean life 7. An elemental volume 7? sin 6 dr d@ do at a 
distance r from the surface (Fig. 1) will be the source of 8 
particles which will enter dS and be detected as counts. The 
number of counts d*N in time dt, due to those particles hav- 
ing total energy between ¢ and e+de, is 


a citi 
dsN= | at [Kev/2—1(€o —€)*de | 


aS sé 
| ve le sin @ dr d¢ dé] (3) 


4nr? 


In this expression, the first factor on the right is the num- 
ber of 6 disintegrations per cubic centimeter of the medium 


in time dt; the second factor is the fraction of those disinte- 
grations that will have total energy between ¢ and e+de, as 
previously discussed. The third factor is the solid angle sub- 
tended by dS at the distance r from the elemental volume r? 
sin 6 drd@dd. The angles @ between r and the normal to the 
surface dS, and the azimuth ¢, are shown in the figure. 
Equation 3 is easily integrated with respect to r, 6, S, and 
@. The result is 
PN = dt Kev/@—1(co—)*de Sr(e) (4) 
where § is the total area of the counting crystals. The 
integration with respect to ¢€ to yield the counting rate can 
be carried out only if the range r is specified as a function of 
energy ¢. The usual form used to express r(e) is 


r=a(e—1)” (5a) 


where p is a number that falls somewhere between 1 and 2, 
as € varies from 1 to 2 or more. 

The range as given in equation 5a is written with neglect 
of that range required within the crystal itself, in order that 
a count may be recorded. If it is assumed that a minimum 
energy €,, is required of a 6 particle in order for a count to be 
made, the range r becomes 


=a [(e—1)?—(em —1)?] (5b) 


With this expression for range, equation 4 becomes 


dN 
dt 


Snak 
TI e(e?—1)"(e9—€)* [(e— 1)? —(€,, — 1)? Ide 


(6) 

In principle, this equation could be integrated for any de- 
sired value of by numerical means. For / an integer, the 
integration can be carried out analytically; for such a case 
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the integral of equation 6 reduces to a series of terms in- 
volving factors of the form 


Fle) = f/e"(@—1)'de (7) 


These factors can be integrated by parts to yield results 
which are summarized, for different values of n, in Table I. 


Table I. Values of the Indefinite Integral /"(e?—1)'/*de for 
Different Values of n 





n=0: 1/2{ e(e2—1)?/2—log (e+ +/e2—1)} 
n=1: 1/3(e2—1)3/2 


n=2: (e—11(-<) — 1/8 log (e+ /e—1) 


n=3: (—1)*/(S— >) 
5 15 
3 


— ils KE log (e+ Ve—1) } 


n=5: (e2—1)3 ($+4/35e2+8/105 ) 





The value of the constant K can be found directly by use 
of the table, since equation 2 expresses the value of K in 
Since K depends on the 
end-point energy €o, there will be a different value of K for 
each 8 emitter to which this analysis is applied. 


terms of the form of equation 7. 


SUMMARY OF THEORETICAL PREDICTIONS 


THE THEORY just derived has been used to compute the 
concentration in water n of (a) radioactive Carbon 14, and 
(b) Phosphorus 32, required to produce a counting rate 
dN/dt of 25 counts per minute. The results of these calcula- 
tions are presented in Table II. It is shown there that the 
concentration in atoms per cubic centimeter required to 
produce a counting rate of 25 counts per minute in a detec- 
tor in a hypodermic needle is 2.794 K 10% and 6.57 X 108 
for Carbon 14 and Phosphorus 32, respectively. These 
figures represent somewhat optimistic estimates in that the 
range of particles within the crystal required to produce a 
pulse has been considered negligible, and no allowance has 
been made for the presence of a window over the counting 
element. The reliability of the estimates would be ex- 
pected to be greater for the case of phosphorus; the Phos- 
phorus 32 8-ray energies are great enough so that the factors 
neglected in the theory are more likely to be negligible in 
fact than is anticipated to be true for Carbon 14. It was 
concluded that the fabrication of a counter that would be 
useful in experiments where Carbon 14 is the tracer would 
be extremely difficult. 


Table II. Summary of Computation of Concentration n of (a) 
Carbon 14, and (b) Phosphorous 32 Required to Produce a Count- 
ing Rate dN/dt of 25 Counts per Minute 








FABRICATION OF THE COUNTER 


CrysTALs that are capable of detecting 8 particles have 
not been found generally. In the work reported here, there 
were three sources of cadmium-sulfide (CdS) crystal avail- 
able to Battelle, but the only 8-counting crystals found were 
among a supply kindly provided by Dr. Rudolph Frerichs of 
Northwestern University. 

After a counting crystal of appropriate size and shape 
was found, it was mounted in the tip of a hypodermic needle 
in the following way: A wire insulated by a small glass tube 
is flattened on the end and slipped into the needle so that 
the end is just inside the sharp end of the needle. Wire and 
glass insulation are cemented in place with Formvar, and 





hee 


Fig. 4. Probe preamplifier with counter needle 


the space beneath the flattened end of the wire filled with 
the same cement. The crystal is then placed on the flat- 
tened electrode with good electric conduction insured by 
use of a drop of aquadag. After the aquadag dries, the 
crystal is secured in place by use of Ethocel (ethyl cellulose 
in Vinsol). Successive layers of Ethocel are used to fill all 
the space between crystal and needle, care being taken to 
leave the crystal bare on top. A layer of silver about 200 
angstroms thick is then deposited over the crystal, Ethocel, 
and bare end of the needle to form the other counter elec- 
trode. 

It was at first presumed that a crystal mounted in this 
way would count without further modification. However, 
it was found that immersion in water caused excessive noise 
in the counter circuit. When Ceresin wax is used to cover 
the silver outer electrode, the noise is no longer observed, 
and the counter functions according to design. 

Three counting crystals were mounted in this fashion. 
Fig. 2 shows them set in protective glass tubes. Two of the 
needles are size 17; one is size 22. 


THE PREAMPLIFIER 


Ir 1s a fundamental characteristic of all 8-particle count- 
ers that they must count different sizes of pulse. How weak 


(S=0.0179 cm?, =1) Carbon 14 Phosphorous 32 ¥ ‘ . - 

1. End-point energy es, units of mc?........ a Taaaae ta 4.33 a pulse may be, and still be counted, is fixed arbitrarily by 
2. Mean life 7, minutes.......... 2.938 X 109 3.031104 : a's . os : . . 
< Minnie... gona aae o.ense use of a discriminator in the amplifying circuitry. The best 
4. Exponent in range equation p...... 2 1 setting of the discriminator is that for which most of the 
5. Equation forrange,cm.................7=0.414(e—1)2 =0.41(0.676«—1) i 
6. Integral in equation 6................. 5.2948X10-8...... 36.650 counts recorded are due to 8 particles and few, or none, to 
7, C ion n, Dive sa'cne oaviet Raper Tey 6.57X 108 eae ? . a’ ‘ 

3a eeemanaedengatnaalest a . noise in the circuit. It follows from this that the first ampli- 
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fying stage of the counter should be especially free of noise. 
In addition, the first stage should be small, and arranged to 
be very close to the crystal so that the input capacitance can 
be as small as possible. Finally, the first amplifier tube 
should be a triode with moderate gain. 

The probe preamplifier was made to meet these condi- 
tions. Figs. 3 and 4 show the probe preamplifier circuit and 
the instrument with and without its brass case. The com- 
ponents are small so that the case is 1*/4 inches in diameter 
by 5'/,4 inches long. The power supply is a battery in a 
separate unit. The output of the “probe preamplifier” was 
connected to a second preamplifying circuit which was con- 
nected in turn to an amplifier with counter. The per- 
formance of the needle was tested by use of a solution con- 
taining Phosphorus 32; its operation was noise-free and 
satisfactory in every way. 


TESTS ON THE MOUNTED CRYSTALS 


A TEST was made of the “counting efficiency,” or the 
number of electron volts dissipated in the crystal for each 
carrier created. A source of radiation was used of end- 
point energy, sufficient so that the highest pulses observed 


were caused by particles that penetrated completely 


through the crystal. The voltage thus lost by the 8 particle 
was computed by the range equation from the crystal thick- 
ness. The number of carriers NV, produced in the crystal 
was then computed; the pulse height observed was dupli- 
cated by a pulse generator of known pulse voltage V. The 
total number JN, of carriers could be computed from the 
pulse height V and the measured capacitance C of the 
counter and its grid circuit by the relation 


Here Q is the total charge generated in the counter pulse, 
and ¢ is the charge on an electron. The energy lost by the 
particle per carrier created was found to be 7.8 and 9.5 
volts for two different crystals. This is in agreement with 
the figures for CdS crystals reported by Kallmann.? 
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5-Cycle Distribution Power Circuit Breaker 


The first 5-cycle power circuit breaker for distribution 
applications was announced by the General Electric Com- 
pany’s High Voltage Switchgear Department, Philadelphia, 
Pa. The new circuit breaker, which is rated to interrupt 
distribution loads in 5 cycles at 14.4 kv, is the fastest 
breaker of this type ever made available. The new breaker, 
shown here as tests were completed, will provide distri- 
bution engineers with the opportunity to increase trans- 
former sizes to meet load growth without changing to 
heavier wire sizes. 
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The higher speed will minimize the chance of line burn- 
down and also offers close co-ordination of fuses. On 
typical systems using 1/0 wire, the new breaker would 
permit transformer capacities to be increased 68 per cent 
over burn-down values considered safe for the standard 
8-cycle breakers now in use. Faster interruption will also 
enable better fuse protection of distribution equipment 
because smaller ratings of co-ordinated fuses may be 
utilized. 

Significant reductions in size have also been achieved. 
The new stronger cylindrical-tank circuit breaker requires 
26 per cent less station space than did the previous square- 
tank breakers. Six bayonet-type interrupters have been 
incorporated into the design of the single-tank construc- 
tion. 

The 5-cycle breaker supersedes the General Electric 
Company’s previous 8-cycle unit, and is being introduced 
at no increase in price. The new breaker has been sub- 
to extension full-scale power and capacitance 
switching tests at the company’s development laboratory 
in Philadelphia, Pa. Although rated at 5 cycles, oscillo- 
grams repeatedly show operating times well within that 
rating. 

A stored-energy torsion spring and a low-impact cam- 
drive mechanism have been teamed to achieve smooth 
closing in the new breaker. The mechanism can provide 
instantaneous initial reclosing even if closing power supply 
is not available. Powered by a 400-watt universal motor, 
the spring-charged mechanism eliminates the need for 
heavy closing power-supply sources normally required with 
present distribution breakers. 
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Circuit Breakers for Switching 230-Kv Lines 


D. M. UMPHREY 


MEMBER AIEE 


XCESSIVE TRANSIENT VOLTAGES are the 
principal concern in switching long 230-kv lines. 
Such voltages are usually the result of commutation of line 
capacitance with respect to supply voltage by restriking of 
line circuit breakers. Experience has shown that restrikes 
will generally produce higher voltages on long lines than on 
relatively short lines. This is because the breakers will 
usually interrupt long-line restrike current at the first cur- 
rent zero, leaving the line charged at high potential, which 
in turn is apt to result in even higher transient voltage 
should further restrikes occur. Thus consideration must 
be given to breaker design safely to permit line switching. 
Some of the factors that must be considered before modi- 
fying a standard circuit-breaker design for long-line switch- 
ing duty are: cost, reliability, freedom from excessive main- 
tenance, and the increasing performance requirements of 
high-voltage circuit breakers as applied on modern utility 
systems. In general, the design chosen must be at least 
competitive in all respects from the user’s standpoint. 
A 230-kv circuit breaker was modified safely to permit 
long-line switching by the addition of 2,400-ohm interrupter 
shunting resistors for the following reasons: (1) they could 
be accommodated to the existing breaker design without 
serious modification; (2) the resistors can be applied so 
that equal voltage division between the four interrupting 
breaks per pole can be maintained under nearly all condi- 
tions, mainly because of rather high distributed capaci- 
tance designed as part of the resistors; (3) this resistor type 
can improve Circuit-breaker performance during fault in- 
terruption; (4) relatively low resistance more effectively 
discharges the line following interruption, thus tending to 
reduce probability of restrikes; (5) these resistors can be ap- 
plied so that they carry current for less than 1!/2 cycles dur- 
ing an opening operation and less than 1/4 cycle during a 
closing operation, and arranged so the resistor current can 
be interrupted in interrupter chambers rather than in open 
oil; and (6) the resistors as applied do not impair the high- 
voltage circuit-breaker performance in any way. 
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Table I. 


Summary of Average Data for Test Series A, B, C, and D 


D. J. MARSDEN 
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Fig. 1. View 
showing _ resistor 
mounted on inter- 
rupter, and center- 
tap connection be- 
tween resistor and 
upper interrupt- 
ing chamber 





The resistors are installed as two separate units per Cir- 
cuit-breaker pole with each unit mounted on a bushing- 
supported interrupter and connected between the upper 
and lower stationary contact. Equal division of voltage be- 
tween the upper and middle contacts is obtained by a 
probe contact connected to the center point of the resistor. 
Fig. 1 shows this construction. Increased distributed capaci- 
tance is employed to improve strength for withstanding steep 
Dan- 
gerous gassing of oil around resistors during interruption of 
severe faults is prevented by adequate thermal capacity. 

In order to check operation of the breaker following re- 
sistor application, a series of line-dropping tests were made 
on 78.7- and 241.6-mile 230-kv lines. 
summary of the average data for these tests which includes 


wavefront high-voltage lightning or switching surges. 


Table I indicates a 


53 line-dropping operations at sending-end voltages up to 
250 kv. The 
throughout the described series of tests was highly satisfac- 
Capacitive current interruption was prompt and 
Residual resistor current interruption 
System voltage was held to low and 
The subject resistors have demon- 

strated excellent performance 

in withstanding severe im- 

pulse tests, in successfully 


resistor-equipped-breaker performance 
tory. 
without restrikes. 
time was very short. 
entirely safe values. 





Miles of Bus Kv, Line Average Charging-Current 








Line $ to Amperes Interrupting Time Cycles* Interval Cyclest 
oA oB oC oA oB 

78.7 BOG <n ee cs 61 2:3 2.3 y a ee SS ae LAs ssw 

241.6 246 204 , «eo rt SE Sy Ck Seen 





Average Resistor-Current Average Per-Cent Crest- 


— switching long high-voltage 


ines with operating voltages 
Voltage Left on Line lines . P 8 8 





* Time from energization of trip coil to interruption of charging current, 60 cycles per second. 
+ Time from interruption of charging current to interruption of resistor current, 60 cycles per second. 
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Basic Problems in Film Pickup 
for T'V Broadcasting 


E. M. GORE 
ASSOCIATE MEMBER AIEE 


Some of the most important problems of tele- 
vision film reproduction are discussed, empha- 
sizing these problems from the standpoint of 
the television system. A commercially avail- 
able color-film camera system utilizing three 
Vidicon pickup tubes is described. 


centage of television air time. One network alone uses 

film at the rate of about 9,000,000 feet per month. 
Many of the major programs are recorded, for reasons of 
convenience, timing, or historical record. Some of the 
smaller stations have begun their operations using nothing 
but recorded material for all programs. 

A minute portion of this enormous quantity of film was 
used for the generation of color television programs. Color 
programming is now steadily increasing and the volume of 
film used for color programs may equal the amount used for 
monochrome in a few years. 

The use of film for television involves a very long chain of 
processes between the original scene and the reproduced 
Fig. 1 is a block diagram which indicates the chain 
of processes involved. The shortcomings of all of these 
processes can accumulate and satisfactory reproduction 
requires the solution of many technical problems. Evidence 
that the solutions are not unique is apparent from the 
different film camera equipments now being marketed. It 
is the aim of this article to discuss some of the most 
important problems of television film reproduction, espe- 
cially from the standpoint of the television system. A 
commercial color-film camera system using three Vidicon 
pickup tubes is described. 


| PROGRAMS now constitute a very large per- 


image. 


FILM CHARACTERISTICS 


FILM USED FOR TELEVISION is produced either by photo- 
graphing the original scene or by recording television 
pictures. Positive prints are generally employed for mono- 
chrome use except that the original negative ‘“‘Kine- 
recording”’ is frequently used for delayed broadcasts. 

Color film requires much more care in photography and 
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processing because of the interaction between the three dye 
images on the same film. Technical developments have 
indicated that the need for color television recordings can 
be met in the near future.! 

The characteristics of film which are the most troublesome 
in television reproduction because of wide variation are the 
transfer characteristic shape, the density range, and the 
color quality. Noise (graininess) and lack of sharpness are 
frequently very objectionable in 16-mm prints. 

Improvement of television film programs thus requires 
the co-operation of film manufacturers, photographers, and 
processors in addition to the effort expended on the pickup 
and reproducing devices. 


FILM CAMERA TYPES AND TELEVISION PROJECTORS 


FILM CAMERAS may be classified into two major types: 


1. Flying-light-spot cameras focus a moving scanning 
spot, generated by a kinescope, onto the film frame. The 
transmitted light is proportional to the transmission of the 
film frame at that point and it is collected by a multiplier 
photocell to produce an electric video signal. 

2. Storage-type camera tubes accumulate a charge 
image of the focused optical image during the interval of 
light exposure, between scans by an electron beam. Stor- 
age-type tubes include the iconoscope the image orthicon, 
and the Vidicon. 


Systems which are now being used in the United States 
for film pickup are the flying-spot scanner, the Vidicon, and, 
of diminishing importance, the iconoscope and the image 
orthicon. 

Both 16- and 35-mm films are shown at an average rate 
of 24 frames per second. United States television operates 
at a rate of 30 frames or 60 fields per second. Thus a 1-to-1 
correspondence between film frames and television frames 
does not exist. The methods for conversion fall into two 
categories—intermittent projectors and continuous motion 
projectors.” 

Intermittent projectors utilize a shutter (or pulsed-arc 
lamp) to interrupt the light during pulldown or change of 
frames. These projectors may be subdivided into three 
types: 


1. Projectors having uniform intervals between pull- 
downs allow 60 uniformly spaced exposures per second with 
short exposure time and moderately short pulldown time. 

2. Projectors having nonuniform intervals between pull- 
downs—commonly called 3-2 mechanisms—expose alter- 
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Fig. 1. Processes involved in the television 
reproduction of film. Fig. 2. Basic 3-V 
color-film camera. Fig. 3. A Vidicon cam- 
era assembly for one channel. The base 
of the Vidicon may be seen extending from 
the rear of the magnetic deflection and fo- 
cus assembly 








nate film frames three times and expose the remaining 


Pulldown times are of the same order as 
those for theater projectors. 


frames twice. 


3. Fast-pulldown projectors utilize the 3-2 mechanism 
and pull down the film within the interval of television 
vertical blanking.® 


Continuous-motion projectors transport the film at uni- 
form velocity. These may be also classified into three 
types: 


1. Stationary-image projectors utilize moving lenses, 
prisms, or'mirrors to maintain the projected image in a fixed 
position. The images of succeeding frames lap dissolve into 
each other." 

2. Single-line-scanning projectors use flying-spot scan- 
ning and depend on the film motion to give the vertical 
scan. ‘These require special film operating at 60 frames per 
second. 

3. Jump raster projectors utilize flying-spot rasters in 
two or more different positions for successive television 
fields. ‘This is accomplished by a step centering waveform 
applied to the deflection coils of the flying-spot tube.® 


With some combinations of projectors and cameras, pre- 
cise synchronism between film transport and _ television 
scan rates isnot required. This results in simplification and 
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flexibility since the generation of motor-drive power at the 
television field frequency requires additional costly equip- 
ment. 

For use with storage-type tubes, 3-2 type of projectors with 
moderate exposure are considered to be more reliable than 
fast-pulldown or continuous-motion projectors. 
of projector is now being marketed in several commercial 
versions. 
jectors are now being marketed. 


This type 


Flying-spot systems using stationary-image pro- 


QUALITY CHARACTERISTICS OF FILM CAMERAS 


RESOLUTION may be expressed as equivalent line number 
or video bandwidth.’ 
is limited to about 4 me per second, any of the cameras 
mentioned can provide adequate response. 

Camera light requirements are determined by the mini- 
mum highlight brightness which will yield an acceptable 
signal-to-noise ratio. For the Vidicon, however, the mini- 
mum highlight brightness is determined by the “lag” or 
long-time memory of the tube, which tendency decreases as 
the illumination is increased. In cameras where equalizers 
are employed to compensate for aperture responses, the 
noise level is correspondingly increased.* 

Transfer characteristic shape is linear for image orthicon 
and flying-spot pickup devices so that some form of elec- 
trical “‘gamma”’ correction is required to compensate for 


Since the receiver video passband 
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the nonlinear characteristic of the receiver kinescope. 
The iconoscope has variable gamma less than unity while 
the Vidicon has an essentially constant value of 0.65 for 
gamma. The useful brightness range of a camera is deter- 
mined by the number of brightness steps of fixed ratio 
The 
maximum brightness input is usually limited by a saturation 
effect (as in the knee of the image orthicon) or by poor 
resolution due to the high beam current or by the light 
source and optical system. 


which can be identified in the electric output signal. 


The lowest brightness step 
discernible is usually determined by the electric noise level. 
An undesirable behavior of some storage-type tubes, no- 
tably the iconoscope, is that the electric signal level which 
represents black in the scene is a function of the average 
scene brightness. 

Storage is the ability of a camera tube to retain a charge 
image after exposure to light and before scanning. Using 
intermittent-type projectors, an interval on the order of one 
half of a field may elapse between exposure and scan. 
In the order of increasing storage ability are the iconoscope, 
the image orthicon, and the Vidicon. 

Color response of the three storage-type camera tubes is 
panchromatic, although it is not identical to the standard 
visual response. By the use of suitable phosphors, photo- 
cells, and filters, the flying-spot camera can be made pan- 
chromatic, although the red-channel sensitivity is usually 
much lower than the sensitivities of the blue and green 
channels. 


OTHER ELEMENTS OF THE FILM REPRODUCING SYSTEM 
THE OBSERVER’S IMPRESSION is the ultimate test of a 


television system’s performance. The requirements of a 


Fig. 4. Projection-room equipment for the 3-V camera. 


television reproducer are based on the “‘normal’’ response 
of observers with regard to luminance and color response.?° 

Luminance range and color sensation produced by the 
receiver kinescope may be affected by the amount and the 
color quality of the ambient light.” Both the ambient 
lighting conditions and the observer preference may vary 
widely. In the television system, therefore, it is only the 
signal to the receiver which is standardized. These signal 
standards are based on a color-kinescope transfer-character- 
istic gradient (gamma) of about 2.2 and on a receiver color 
temperature of 6,500 K when reproducing white." 

The signal transmission links between the camera chain 
and the receiver may reasonably be assumed to have a linear 
transfer characteristic. In the color signal the chro- 
minance information is frequency multiplexed into the high- 
frequency portion of the video band occupied by the lu- 
minance information. 


CORRECTIVE DEVICES AND METHODS 


AN OBVIOUS METHOD for improving the television re- 
production of average color film is by improving the 
film itself. There are good color films available, but many 
commercial color prints have very poor color fidelity and 
are quite grainy. Where films are produced exclusively 
for television use the range should be limited to about 50 to 1. 
The transfer characteristic should be of essentially constant 
Tolerance limits on the color co- 
ordinates of certain commonplace colors might help avoid 
the often disagreeable appearance of flesh tones and of 
other familiar objects, even on direct projection. 

Transfer-characteristic gamma reduction by electrical 
methods increases the useful brightness input range for the 


gamma over this range. 


Two 16-mm television projectors are visible with an optical 


multiplexer which reflects the light into the camera in the foreground. The camera base houses the deflection circuits 


and the local controls. Fig. 5. 
amplifier is below the color monitor. 


Control position for the 3-V color-film camera. 
The remote control panel for the camera is on the desk but obscured, and a mono- 


The front panel of the video-processing 


chrome master monitor with oscilloscope is on the left of the processing amplifier 
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camera, provided that the camera noise level is sufficiently 
low. This method is particularly adapted to Vidicon 
cameras because of the excellent signal-to-noise ratio which 
Vidicon pickup tubes can provide. Electric operations 
analogous to photographic masking techniques can be 
performed.” !*!8 

The theoretical sensitivity curves for cameras contain 
negative lobes which cannot be realized optically. Further 
errors are introduced by the absence of negative lobes in the 
film-taking sensitivities as well as by the dye crosstalk in the 
projected film. Partial correction can be achieved by the 
use of electric masking or linear combinations of the three 
signals. The optimum matrix is, unfortunately, not the 
same for all films. 

An operation roughly equivalent to masking can be 
accomplished by modifying the shapes of the camera-taking 
sensitivity curves slightly with optical filters. Since the 
scene has already been analyzed into primary color com- 
ponents by the film-taking sensitivities; no great error should 
result from the analysis of the light transmitted by the film 
The avail- 
able signal with fixed illumination would be reduced and 
the signal-to-noise ratio would be decreased, but the degree 
of film dye crosstalk would be minimized. 


with narrow-camera-taking sensitivity curves. 


Camera taking-sensitivities can be so designed that one 
channel covers the entire visible spectrum and contains all 
of the luminance information, while the remaining channels 
These chromi- 
nance channels would operate with restricted bandwidth 
as required for the encoded signal. Monochrome receivers 
would utilize the information of only the luminance channel. 

Aperture equalization permits compensation for some of 
the degradation of sharpness in the optical processes. The 
permissible degree of equalization is usually limited by the 
acceptable noise level so that it is important to minimize the 
degradations in each process. 


contain only chrominance information. 


VIDICON COLOR-FILM CAMERA SYSTEM 


‘THE MONOCHROME VIDICON FILM CAMERA has replaced the 
iconoscope film camera in many installations during the 
past 3 years. Field experience has proved its ability to 
produce excellent pictures from good film and it is out- 
standing from the standpoint of reliability and low-cost 
operation. The factors contributing to the good results 
are®15 


1. Excellent signal-to-noise ratio, permitting a large 
amount of aperture equalization. 

2. A 600-line limiting resolution. Approximately 40- 
per-cent response at 350 lines without equalization. 

3. Stable black level with neglible dark signal. 

4. Low gamma inherent, accommodating a wide range 
of film. 

5. Simplicity and ease of adjustment. 

6. Excellent storage characteristic permitting non- 
synchronous use with intermittent-type projectors. 

7. Long life. Vidicons are warranted for 12 months or 
500 operating hours, but field data show evidence of much 
longer life. 


These advantages were, for the most part, retained when 
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Fig. 6. 
four plug-in chassis. 


Video-processing amplifier with 
The mechanical de- 
sign facilitates servicing 


Vidicon combined to 


form the 3-V color-film camera.'® 


three monochrome cameras were 
A block diagram of this 
film pickup system is shown in Fig. 2._ The light from the 
projector passes through a relay-lens system and color- 
separation filters where it is divided into three primary 
color components each of which is focused on one of the 
Vidicon camera tubes. The video channels are independ- 
ent so that the outputs are three simultaneous signals. 

Because of the color-separation filters the illumination 
required for the color-film camera is nearly 20 times that 
required for the monochrome camera. Intermittent pro- 
jectors having the 3-2 mechanism are used to obtain ex- 
posure cycles of about 50 per cent. By using a fast lens 
system, adequate illumination is obtained for even the most 
dense color film. An optical multiplexer was designed to 
permit the use of a slide projector or one of two film pro- 
jectors. 
jection lamps with infrared filters so that still frames can 
be projected without damage to the film. 

The output voltage of each of the three cameras, at any 
instant, must correspond to the transmission through a 


single-picture element of the film frame. 


The film projectors use 1-kw incandescent pro- 


This registration 
requirement was fulfilled by the use of precision deflection 
and focus components, sturdy mechanical construction, 
and stabilized deflection circuits. 


Fig. 3 shows the new 


camera assembly. Center resolution of 600 lines and cor- 
ner resolution of 400 lines can be obtained on a super- 
position of the three signals. 

Fig. 4 shows the equipment layout at the camera position. 
All operating controls are available at the remote-control 


desk. 


functions are transferred to controls at the camera position 


For convenience in setup, however, these control 
by means of a switch. Vernier adjustments are provided 
on the registration controls. 

Compensated video amplifiers on top of each camera feed 
An additional 
output from each amplifier passes through a selector 
switch to a projection room monochrome monitor. 

The control position is shown in Fig. 5. 


coaxial lines to the remote-control position. 


Camera operat- 





603 





ing controls are located on the passive horizontal panel. 
The video signals from the camera enter the video proc- 
essing amplifier shown in Fig. 6. This unit contains three 
parallel video channels which perform the operations of 
blanking modulation, gamma modification and shading 
(optional), and video power amplification. Functions 
which are performed in common to all channels are syn- 
chronizing pulse regeneration, monitor switching, and sig- 
nal level calibration. This processing amplifier was de- 
veloped as part of a project for color camera simplification. 
Considerable improvement in the state of the art is evidenced 
by the fact that the number of tubes in the image orthicon 
color camera chain was approximately halved as a result 
of this project. 

The remaining equipment, exclusive of power supplies, 
required to produce a National Television Systems Com- 
mittee encoded signal consists of the colorplexer, its auxil- 
iaries, and a calibration pulse generator. Aperture equal- 
ization is provided in the luminance channel. The com- 
plete camera and encoding equipment uses five power 
supplies providing approximately 2 amperes at 280 volts 
direct current regulated. 

This 3-V_ color-film camera has yielded very sat- 
isfactory film reproduction when used with good color 
film. Comparison of the resultant picture with a direct- 
projected picture shows remarkable fidelity. At present 
there are over 35 field installations in operation. The first 
installation, at the National Broadcasting Company in 
New York, has been in operation for more than a year. 


CONCLUSIONS 


A SUBSTANTIAL IMPROVEMENT in the television reproduc- 
tion of color film can be achieved through better con- 
trol of film, its exposure, and processing then is now evident 
in the average commercial color film. Receiver repro- 
ducing capabilities are limited as to contrast range; conse- 
quently the film range should also be restricted. 

Signal-to-noise ratio is a most important measurable 
quantity, applying both to the film and to the television 
system. This ratio is basic to the determination of camera 
light requirements and contrast range, and may limit the 
corrections of gamma and detail rendition. 


Certain electric operations can be used to modify 
television pictures in a manner similar to the photographic 
masking of films. Improvement of the reproduction of 
some films can be obtained by linear matrixing. Narrow 
television-camera-taking sensitivities can reduce dye cross- 
talk, but at the expense of signal-to-noise ratio. 

The combination of the 3-V color-film camera and inter- 
mittent projectors is capable of giving remarkable color- 
film reproduction fidelity. The low noise level of the Vidi- 
cons permits operations such as aperture equalization and 
transfer characteristic modification while maintaining a 
good signal-to-noise ratio. 
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An elevator hoisting machine, which weighs approxi- 
mately 13 tons, is here shown being raised 40 stories to the 
top of the new Prudential Insurance Company Building 
located in Chicago, Ill. The huge motor is 1 of 10 such 
motors being lifted into place on top of the building to 
power high-rise “‘Autotronic” elevators. These elevators, 
which do not require attendants, are now being installed 
by the Otis Elevator Company. These cars will set a new 
world’s speed record of 1,400 feet per minute for operator- 
less elevators. The building will be equipped with a 
a total of 30 elevators—27 passenger cars and 3 service 
elevators. 
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A Test Board for Watt-Hour Meter Standards 


F. J. LEVITSKY 


ASSOCIATE MEMBER ATEE 


HE Central Laboratory of the New England Power 
Service Company maintains the watt-hour standards 
for the New England Electric System. Up to recently, 
calibration techniques were not satisfactory since not only 
field watt-hour meter standards but reference watt-hour 
meter standards showed errors, minor in so far as com- 
mercial yardsticks were concerned, but annoying from the 
laboratory point of view. To minimize these errors, test 
procedures and equipment were reviewed. The aim was 
to stabilize all conditions which might influence the refer- 
ence standards, to eliminate in so far as possible the errors 
due to the human element, and thus reduce inaccuracies. 
Using the best ideas which could be found among manu- 
facturers and utilities, a new test board was designed and 
constructed. This board employs selected watt-hour meter 
standards operating under as near to ideal conditions as 
possible, and not only provides a simple and accurate means 
for the test of standards brought in from the field, but 
also permits immediate calibration of reference standards. 
By employing three reference watt-hour meter standards, 
a quick intercomparison of these standards can be made. 
Friction was lessened by the removal of registers. 

With the elimination of the registers, a major problem was 
the calibration of the reference standards. It was possible 
to use the photoelectric pickups installed in the standards 
to obtain a count of full revolutions only. A method 
previously developed uses this count of full revolutions in 
conjunction with a chronograph, giving precise time meas- 
urement, to compute watt-hours with time as the variable. 

In spite of the accuracy of the chronograph it was be- 
lieved that a definite time interval could be fixed more 
precisely than an indeterminate time interval could be 
measured, and did not introduce a human error in such 
time measurement. Thus it was decided, for calibration 
of the reference standards, to retain the 1-minute interval 
and to measure both partial and whole revolutions of the 
disks by employing an additional photoelectric pickup in 
each standard and an electronic counter. 

To actuate the photoelectric pickup, 200 evenly spaced 
teeth approximately 1/16 inch deep were cut in the edge of 
the disks in each reference standard. Since the aperture 
between adjacent teeth would not transmit sufficient light 
to actuate the phototube, a metal plate, in which a 1/2- 
inch by 1/16-inch lattice had been cut, was mounted over a 
segment of the meter disk. The lattice openings match 
the slits in the disk to form a shutter. The photoelectric 
system has the light source above the shutter and the 
phototube below. As the disk rotates the light intensity 
on the phototube varies from a small value when the 
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teeth in the disk are directly under the slots in the plate 
to a maximum value when the slots in the disk are in line 
with the slots in the plate, thereby giving 200 output 
pulses per revolution. The magnitudes of these pulses 
are still too small to be used directly, so a 2-stage amplifier 
is mounted on the pickup chassis. The amplified pulses 
are then fed to a high-speed electronic counter. This 
counter consists of a wave shaper, amplifier, and four decade 
counting units which give a direct reading of the number 
of pulses. 
ing units is 40,000 pulses per second, while the maximum 
input rate in this circuit is 55 pulses per second. 

To calibrate the reference standards, which run con- 
tinuously, the power is held constant and the clock relay 
contacts operate the start and stop circuit of the decade 
counter. A total reading on this counter will give, when 
divided by 200, whole revolutions and partial revolutions 
of the reference standards to the nearest 0.005 revolution. 

The accuracy of the decade-counting units is absolute 
+1 count. Errors in starting and stopping have been 
minimized by the use of a high-speed start-stop relay. 

Current and voltage for the field standards are obtained 
with uniload equipment. Through the use of precision 
transformers, the reference standards operate with constant 
magnitude voltage and current. From test results of the 
precision transformers made at the National Bureau of 
Standards, calculation of combined transformer errors to 
be expected at the commonly used calibration points shows 
a maximum of 0.03 per cent at unity power factor and 0.04 
per cent at 50 per cent lagging power factor. These errors 
are considered insignificant and no transformer corrections 
are applied in routine calibrations. 

As outlined above, absolute calibration of the reference 
standards is accomplished by holding the wattage constant 
and measuring revolutions and partial revolutions for a 
fixed time interval. No single test result on the reference 
standards is used, but the average of a number of tests. 

The stability of the reference standards is considered 
excellent. Calibration data posted to the nearest 0.95 
per cent show no change in the average calibration 
during the first 3 months of use. 

A high degree of consistency among reference watt- 
hour meter standards has been achieved. Calibrations 
of these standards indicate a stability considerably better 
than had been shown by previous experience. In many 
ways the equipment is similar to that used by other 
laboratories; but by this technique using two photoelectric 
systems, it is possible to calibrate any one reference standard 
by laboratory indicating instruments, to intercompare any 
two of the three reference standards, to cross-check accuracy 
of the mechanical and electronic counters, and to calibrate 
with the requireddegree of accuracy, the standards brought 
into the laboratory. 


The rated maximum input of the decade count- 
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Analysis of Errors in Sampled-Data Systems 


JACK SKLANSKY 


HE system error e(¢) in a sampled-data feedback system 

is an important design parameter. It is defined as the 
difference between the actual output c(t) and the desired 
output ¢,(¢), i.e., e(¢) 4c,(t)—c(t). The system error has two 
components: (1) organic error, due to system energy 
storages; and (2) ripple, due to the sampling process. 
Formulation of these errors is obtained through the use of 
z-transform! and ordinary Laplace transform techniques. 
(z-transforms are merely Laplace transforms of pulsed data 
and are usually rational functions in ¢&? in which é? has 
been replaced by z.) 

For the typical sampled-data system in Fig. 1, it is possible 
to describe completely the output (¢) (and hence the system 
error e(¢)), as a function of time. The Laplace transform of 
the output is easy to obtain: 

G(s) 


1 R*(z) 
1+GH*G) 


C(s) (1) 
where R*(z) is the Laplace transform of the sample input 
r*(t)G>0r(nT)6(t—nT), and GH*(z) is the pulse transfer 
function of G(s)H(s) preceded and followed by synchronous 
sampling switches. Symbolically this is indicated by 
GH*(z) 4 @[G(s)H(s)]. G(s) is the product of the “hold” 
G,(s) 4 s“(1—e~r), used for smoothing the pulse train, 
and the “‘plant”’ G,(s), which is the power-delivering portion 
of the system. As pointed out,! the inversion of equation 1 
presents difficulties because it is rational in both s and z, for 
which case there are no tables available. However, a 
straightforward procedure exists by which equation 1 can 
be inverted as a function of both n and ¢, n representing the 
n* sampling interval. The procedure first resolves the con- 
tinuous portion of the forward transfer function (i.e., that 
factor which is rational in 5) into its partial fractions G,,(s) = 
A,,/(S + d,). The output of the m” partial fraction be- 
tween the n” and (n+1)*' sampling instants is c,,(¢) =c,,(nT) 
exp [—a,,(t—nT)] for which the coefficient c,,(n7) can be 
obtained easily by inverting the z-transform C,,*(z). Suni- 
ming all the ¢,,(¢) gives the complete output between 
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Sampled-Data Systems 


J. RL. RAGAZZINI 
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sampling instants. For most feedback systems the desired 
output ¢,(t) is just the input r(¢), in which case the system 
error is 


e(t)=r(t)— Doem(n Tye *™(t—nT) 


m 


(2) 


Often the steady-state rather than the transient per- 
formance of the system is significant, in which case it is 
possible to formulate a figure of demerit based on the rms 
value of the system error. The input is assumed to be of the 
form r(t)=e, where \ may be complex, but is usually just 
A=jJw. 

The steady-state response to this input is 


@o 


1 } : 
T G(A+jnwo )e(A+jnwo)t 


i=x=—@ 


“14+GH(!) ee 


Css(t) = 
The desired output ¢,(¢) is taken to be the signal component 
of c,,(¢), corresponding to n=0. For pure imaginary A the 
mean square error is then given by 


os) 


1 Re ean ae 2 
7 > Olatymenh - Feo] 


=— oo 


€2 = c2g5(t) —cg'(t) = 11+ GH*e™)]? 





(4) 


The following simple but powerful theorem gives a closed 
form for the summation in equation 4 


fos) 


1 
r 2: IG(A+jnwo) |? = 3 [G(s +)G( —stA)len1 


r=— © 


(5) 


where 2 is the conjugate of \. A good figure of demerit F for 
system design at a particular frequency is the per cent mean- 
square error, defined as the ratio of mean-square error to 
mean square of desired output, for which the following 
simplified formula is obtained: 


4d) _ TRIG(+NIG(—s+ Alem 


ri ae 1 (6) 


= cad) 
Equation 4 in conjunction with equation 5 can also be used 
to compute a figure of demerit for the case of stationary 
random inputs described by spectral densities, although the 
evaluation of the integrals involved will probably require 
numerical methods. 
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Erection of Vertical Water-Wheel Generators 


W. D. HOUSER W. 
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HE TREND in the construction and erection of ver- 

tical water-wheel generators is to increasingly larger 
units as experience and materials permit. The machining 
tolerances called for become very remarkable as the sizes 
increase. The practices of the Canadian Westinghouse 
Company with approximately 9-million installed horse- 
power of generator experience can be used to illustrate 
modern construction and erection practices. (See Fig. 1.) 

The machine frames are fabricated of annular steel rings 
with suitable spacers between, and wrapped around by a 
steel plate cover. The frame is bored to an accuracy 
within +0.005 inch. 

The accurately punched stator laminations are held 
firmly after stacking in the frame by heavy nonmagnetic 
rolled steel fingers, secured solidly by welding of the through 
bolts to the frame at several points. 

The stator slots are carefully aligned during stacking, and 
the final sidewise tightening of the coil in the slot to within 
10 mils is done after winding, by the insertion of mica or 
semiconducting plastic strips. The slot wedges on top of 
the coils are of nonshrinking cloth-base insulation. 

Modern practice is to erect the stator by bolting the sole- 
plates to the frame, and when positioned the soleplates are 
grouted in. The center line for the machine is picked up 
from the turbine shaft below, or from reference plugs set in 
the foundations by a piano-wire plumb line with a 100- 
pound lead weight damped in a pail of heavy oil. 

Fabricated spider arms are now in common use, and 
tolerances of 0.003 inch on the bore and 0.005 inch on the 
arms are maintained. The laminated rim punchings after 
stacking around the spider arms are expanded by heat to 
insert the torque keys between it and the end of each arm. 

A suspension-type spider is shrunk onto the forged steel 
shaft, while with the umbrella-type rotor (see Fig. 2) the 
thrust collar is integral with the shaft and the rotor is 
dowelled and bolted to the top of it. 

The thrust collar at the top end of the shaft is machined 
to a runout of less than 0.0002 inch on the edges, and 0.0005 


Fig. 1. Des Joachims Generating Station on the Ottawa River 
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Houser, Hindle, Tyerman—Water-Wheel Generators 
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Fig. 2. Section showing the type of spider and bearing inherent 
in umbrella-type machine 


inch on the lower surface. The thrust bearing itself is 
finished with even more care, and assembled in the machine 
with as great care and protection from foreign matter as 
possible. The bearing shoes are lightly brushed with a 
graphite grease to make it easy to turn the rotor mechani- 
cally for final alignment of the rotor. 

The clearance of the adjustable-shoe guide bearings is 
often left at about 0.020 inch for start-up, and closed in 
after the initial trial runs. 

With the machine assembled and mechanically aligned, 
it is usually given a running dry-out with the stator windings 
short-circuited. 

Final balancing if required completes the installation. 
With machines running over 150 rpm, the portable dynamic 
balancer is useful. For slow-speed machines, the vector- 
analysis system is used where readings from dial indicators, 
running against the shaft before and after adding a trial 
weight, can be used to calculate the proper correction. 

The modern generator has improved performance, 
lower losses, less weight, fewer maintenance troubles, and is 
easier to dismantle and reassemble for maintenance. 
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District 2 Meeting at Columbus 


Proves a Technical and Social Success 


WITH THE COLUMBUS, OHIO, SEC- 
TION as host to 703 AIEE members, stu- 
dents, and guests, the Middle Eastern District 
Meeting (at the Deshler-Hilton Hotel in 
Columbus, May 4-6, 1955) was a success 
from both technical and social viewpoints. 
Not counting the General Session, there 
were 21 technical sessions besides an all-day 
session at which students from District col- 
leges presented papers for prizes. A smér- 
gasbord was enjoyed Wednesday evening 
and a dinner-dance the following night. 
Luncheons were held each day of the meet- 
ing. The one on Friday was for students, who 
were addressed by AIEE President A. C. 
Monteith. The program for the ladies was 
varied with visits to the Ohio State Uni- 
versity Campus, tea at the Governor’s Man- 
sion, and a tour of one of the country’s old- 
est department stores, F. and R. Lazarus. 


General Session 


E. K. McCoy, chairman of the District 
Meeting Committee, opened the General 
Session Wednesday morning and introduced 
W. B. Morton, Vice-President of District 2, 
who in turn introduced Mayor M. E. Sensen- 
brenner of Columbus. 

After the mayor’s welcoming speech, Mr. 
Morton read two paragraphs from the May 
1884 issue of Scientific American reporting the 
founding of AIEE. He compared that 





modest start with today’s membership of 
nearly 50,000 and 7,000 Students in the 106 
Sections and 136 Student Branches. He also 
told members about the establishment of the 
new District 11, East Central District, em- 
bracing Ohio and West Virginia. Julius C. 
Strassbourger, the Vice-President of this Dis- 
trict, was introduced to the audience. 

AIEE President Monteith urged members 
to do more advanced planning for themselves 
and the Institute. Philip Sporn, president, 
American Gas and Electric Service Corpora- 
tion, spoke on ‘‘Problems and Opportunities 
in Electrical Utility Engineering.” (Com- 
plete text of this speech appears in this is- 
sue of Electrical Engineering.) 


Technical Sessions 


A total of 88 technical and District papers 
were presented. Four sessions were devoted 
to rotating machinery; three each to com- 
puters and electric power systems; two each 
to aircraft electric systems, electronic aids to 
medicine, communication systems, atomic 
power, and transistors. Other subjects cov- 
ered were ethics and management. 

Several excellent papers were given in the 
sessions on electronics in medicine. F. M. 
Deerhake, General Electric Company, de- 
fined television as an aid for fixing the eye- 
sight of a group of persons on an object that 
would be otherwise physically impossible for 


them to see. He also told how color televi- 
sion has become an important tool in the 
medical teaching field and how it has over- 
come obstacles in showing close-ups of surgi- 
cal operations. 

A phase of medicine, hitherto not covered 
at AIEE meetings, was retinal photography. 
This subject was covered in a paper by Prince, 
Cowan, and Smith of Ohio State University. 
Mr. Prince outlined problems of photograph- 
ing retinas in color by flashlight without in- 
juring the eyes. He showed enlargements 
of color photographs illustrative of different 
diseases. Then Mr. Smith explained the 
xenon lamp and the electronic circuit which 
controlled its half-cycle flashes. 

One of the more interesting papers in the 
session on management was by C. J. Beller, 
The Cleveland Electric Illuminating Com- 
pany. He analyzed the three most impor- 
tant management functions of a managing 
engineer: planning, control, and appraisal of 
performance. He suggested a method 
whereby those in managerial positions could 
plan ahead for the men under them as well 
as for themselves. 

In the second session on communications 
systems, G. J. Harms, American Telephone 
and Telegraph Company, explained some of 
the problems which have been encountered in 
the transmission of color television signals 
between cities in the United States. Starting 


INTERVIEWED on the “Touring the Town” program over WBNS-TV, Columbus, Ohio, were (left to right): Ben Harbage, chairman of the Columbus Section; W. B. 
Morton, District 2 Vice-President; J. W. Copening, who presented a technical paper at the meeting about advances in cinefluorography; G. E. Mueller, chairman 


of an Electronic Aids to Medicine at the 





battery. Mistress of ceremonies was Virginia Trannit (center). 
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ting; E. K. McCoy, general chairman of the meeting; and Theodore Savoff, who demonstrated the solar 
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and programs. 


in 1948 with 900 channel miles, these facili- 
ties have expanded to 69,000 miles at the end 
of 1954. Of this total about 20,000 miles are 
on coaxial cable and the remainder on radio 
relay. He explained the differences that had 
to be overcome when color television signals 
were sent instead of black-and-white signals. 

In one of the atomic power sessions, Pro- 
fessor C. E. Dryden, Ohio State University, 
presented “Opportunities for Education in 
Nuclear Engineering.” This contained re- 
sults of several surveys at 142 accredited engi- 
neering colleges concerning their participa- 
tion in a teaching program of nuclear sub- 
jects. Results show that inclusion of such en- 
gineering material in the basic engineering 
courses ranged from 35.7 per cent by chemi- 
cal engineers to 15.6 per cent for civil engi- 
neers. An accelerated growth of introductory 
courses in nuclear engineering was noted— 
an increase of 81 per cent within the past 
year. 

In the sessions devoted to aircraft electric 
systems, two papers covered those systems 


A SMORGASBORD took place Wednesday evening in the ball- 


room of the hotel. 
Earl March Trio and the Harmonaires. 
early arrivals. 
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REGISTRATION facilities were opened from 6:00 to 9:00 p.m. on the day 
before the meeting and were busy throughout the 3 days of the meeting— 
May 4, 5, and 6. Above, members are shown receiving identification badges 


Informal entertainment was provided by the 
Shown above are some 





was held May 6. 


which are unique to airships and jet fighters. 
One concerned an advanced concept of ac- 
cessory power for guided missiles. This 
paper by R. L. Zimmerman, American Ma- 
chine and Foundry Company, described a 
self-contained rocket-type gas generator sys- 
tem which provides electric or hydraulic 
power. The system uses the decomposition 
products of a liquid fuel as the working fluid 
for a high-speed hot-gas turbine. This sup- 
plies power to drive alternators, hydraulic 
pumps, gear boxes, or other loads. 

Another paper that was of interest was that 
presented by O. E. Buxton, Jr., Jack and 
Heintz, Inc., entitled, “‘Environmental-Free 
Machines and High-Temperature Problems 
of Rotating Equipment.” The author con- 
sidered some of the various type of machines 
and some of the problems of their design for 
different flying conditions: maximum oper- 
ating altitude, flight speed, ambient tem- 
peratures, operating time, duty cycle, and 
the length of time any of these maximum 
conditions might exist. 





Rapheel Tsu, and W. T. Fryer. 
W. S. Hare, J. D. Lambert. 
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CONGRATULATIONS are given to J. D. Lambert (left) and A. W. Ladd (right) 
by W. B. Morton, Vice-President of District 2. 
authors of the District's first prize student paper. The student paper contest 





SOME OF THE CONTESTANTS in the Student Paper Contest are shown above, left to 
right. Front row: Charles Husson, M. A. Kraft, A. W. Ladd, G. J. McKeel, J. T. Raleigh, 
Back row: David Doman, R. S. Gaines, A. W. Revay, 








Lambert and Ladd were 













WELCOME is extended to Philip Sporn (left), 
president, American Gas and Electric Service 
Corporation, by AIEE President A. C. Monteith. 
Mr. Sporn delivered the principal address at the 
General Session, May 4. 
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Student Prize Paper Contest 


Fourteen students presented papers in the 
District 2 contest on May 6. At the student 
luncheon AIEE President Monteith urged 
them to disregard the matter of security in 
their jobs when first Out of college and think 
only of the opportunity which the job offers. 

In the evening, there was a student dinner 
at the Ohio Union on the Ohio State Uni- 
versity Campus. Main speaker was J. L. 
McNealey of the Columbus and Southern 
Ohio Electric Company. At this dinner the 
following prize awards were announced: 


First prize, A. W. Ladd and J. D. Lambert, 
University of Cincinnati, “Scatter Sounding 
as a Means of Instantaneous Radio Propaga- 
tion Prediction.” 


Second prize, G. D. Haluszczynsky, Case 
Institute of Technology, “‘Automation, In- 
dustry’s Growing Giant.” 


Third prize, J. T. Raleigh, Pennsylvania 


Pacific General Meeting 


State University, ““Some Aspects of Magnetic 
Recording.” 

Judges were: E. D. Ayres, H. S. Kirsch- 
baum, and C. E. Warren of Ohio State Uni- 
versity; J. L. Anderson and J. M. Audi of 
Line Material Company; and G. R. Tamp- 
lin of the Battelle Memorial Institute. 


Committee Chairmen 


E. K. McCoy was chairman of the District 
Meeting Committee, and G. M. L. Sommer- 
man, the honorary general chairman; D. E. 
Stafford, treasurer, and G. R. Tamplin, co- 
ordinating secretary. Other chairmen were 
R, C. McMaster, advisory; L. M. Moore, 
administration ; N. J. Greene, finance; 
N. A. Smith, student meeting; P. L. Gil- 
more, entertainment; E. E. Dreese, technical 
program; Mrs. P. L. Gilmore, Jr., ladies’ 
events; C. K. Bishop, special meetings; 
J. W. Cade, arrangements; E. O. Wolden, 
publicity. 


Plans Are Near Completion 


THE PACIFIC GENERAL MEETING 
Committee is completing plans for the 
forthcoming meeting in Butte, Mont., 
August 15-18, at the Finlen Hotel. Eight- 
een technical sessions presenting approxi- 
mately 70 papers are being organized by the 
following technical committees of the In- 
stitute: Carrier Current, Transformers, In- 
struments and Measurements, Domestic 
and Commerical Applications, Transmission 
and Distribution, Basic Sciences, Land 
Transportation, Mining and Metal In- 
dustry, Cathodic Protection, Television and 
Aural Broadcasting, Relays, General In- 
dustry Applications, Power Generation, 
Industrial Power Systems, Magnetic Am- 
plifiers, and Safety. 


In addition, the following inspection trips 
have been announced: 


Kelly Mine, Anaconda Company. This huge 
operation produces 12,000 to 15,000 tons of 
copper ore daily. This ore is hoisted to the 
surface through the world’s largest mine 
shaft and is accomplished with a 3,000-hp 
and a 2,500-hp d-c motor, which will also be 
inspected. 


Smelter, Anaconda Company. The smelter, 
near Anaconda, Mont., is supplied with ore 
by electric railway from Butte. Many types 
of electrical applications will be seen. 


Several other electrical plants will be 
available to delegates, but these installations 
are located so far from Butte that special 
trips are considered impractical. It is 
suggested that delegates driving through 
the state contact the following people who 
have agreed to escort visitors through the 
respective plants: 

Frank Bird Steam Plant, The Montana 
Power Company, George Scotten, Billings, 
Mont.; Hydroelectric Plants, The Montana 
Power Company, D. C. Shevalier, Great 
Falls, Mont.; Canyon Ferry Power Plant, 
U.S. Bureau of Reclamation, Project Super- 
intendent, Canyon Ferry (out of Helena), 
Mont.; Hungry Horse Power Plant and 
Dam, U.S. Bureau of Reclamation, Bureau 
Headquarters, Hungry Horse, Mont.; An- 
aconda Aluminum Company, Reduction 
Plant, Carl J. Lundborg, Columbia Falls, 
Mont.; and Reduction Works and Wire 
Drawing Plant, Anaconda Company, Floyd 
S. Weimer, Great Falls, Mont. 

Tuesday evening, August 16, will be held 
open for informal visiting of Virginia City. 
Virginia City was an early center of gold 
mining. Road agents, vigilantes, and “‘neck- 
tie” parties made front page history. Much 
of the original furnishings and merchandise 
are still in place. The Lewis and Clark 
Caverns can also be visited by anyone 
wishing to make arrangements. 


District No. 1 Student Prizes and 


Student Counselor Activities Announced 


RESULTS of the student paper competition 
for District 1 have been announced. Thirty 
dollars was awarded as first prize to Leonard 
A. Mende of Cornell University for ‘‘What 
an Engineer Should Know About Patent 
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Law.” Second prize was given to R. L. 
Sieron, Worcester Polytechnic Institute, for 
his paper, “Measurement of Stray Load 
Losses in Direct-Current Machines.’ Third 
and fourth prizes were won respectively by 
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Dionysios E. Speliotis, University of Rhode 
Island, ‘Skin Effect—A Mathematical De- 
velopment,” and Kelvin Cook, Northeastern 
University, for “Analysis of a Servomecha- 
nism, Utilizing Analogue Computer.” 

Judges for the written contest were: M. 
E. C. Devine, Westinghouse Electric Cor- 
poration, Hartford, Conn.; M. B. Sprague, 
Southern New England Telephone Company, 
New Haven, Conn.; and H. M. Turner, 
Yale University, New Haven, Conn. Oral 
contest judges were: Miss Virginia N. 
Berndt, Blackstone Valley Gas and Electric 
Company, Pawtucket, R. I.; T. D. DeVore, 
Niagara Mohawk Power Corporation, Syra- 
cuse, N. Y.; F. B. Hunt, New England 
Power Service Company, Boston, Mass.; C. 
W. Maloney, Stone and Webster Engineer- 
ing Corporation, Boston, Mass.; and H. B. 
McIntyre, New England Telephone and 
Telegraph Company, Boston, Mass. 

As is customary, C. N. Hoyler of the Radio 
Corporation of America Laboratories in- 
vited the first three winners of the contest 
and their counselors to an inspection trip of 
the laboratories at Princeton, N. J., on May 
8 and 9. (See pages 615-16.) 

As for the activities of the student counselors 
of District 1, the following recommendations 
have been approved by the counselors and 
executive committee of the District: 


1. Three annual District prizes of $30, $25, 
and $20 be awarded to counselors having the 
three highest ratios of AIEE Student members 
to the total of electrical engineering students 


2. Three annual District prizes of $30, $25, 
and $20 be awarded to counselors having the 
three highest ratios of graduating AIEE 
Student members to the total electrical en- 
gineering graduating class 


3. Annual certificates of merit be given to 
the Branches having the three highest ratios 
of AIEE Student members to the total elec- 
trical engineering students 


4. Annual certificates of merit be given to 
the Branches having the three highest ratios 
of graduating AIEE Student members to the 
total electrical engineering graduating class 


5. The student counselor be an ex-officio 
member of the executive committee of the 
Section nearest his Branch 


6. Every Section establish a Committee on 
Student Branch Co-operation, consisting of 
the Student Branch counselor and at least 
two members of the Section, for: increasing 
the Student Branch membership, establishing 
friendly and close relationship between 
Branch and Section, promoting the local 
Branch speaking contest 


Also, the Executive Committee of District 
1 instructed Vice-President of the District, G. 
J. Crowdes, to recommend to the Board of 
Directors the approval of the following recom- 
mendations: 


1. The money expended by the Member- 
for-Life fund for sending the winner of 
the District contest to the AIEE Summer 
General Meeting be divided among the Dis- 
tricts and assigned to the Vice-Presidents to 
spend in the interests of the Branches 


2. Three national annual prizes be awarded 
to three student papers as follows: first 
prize, $100 and certificate; second prize, $75 
and certificate; third prize $50 and certificate 
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Publicity for Research Sponsored, 


Backed by Engineering Foundation 


Frank T. Sisco, director of the Engineering 
Foundation, has written: 


“For more than 25 years the Engineering 
Foundation has been sponsoring and finan- 
cially supporting research in fields of interest 
to the leading professional engineering 
societies; and, in addition, it has been con- 
tributing a considerable portion of its income 
from its endowment to the advancement of 
the engineering profession with especial 
attention to engineering education. 


“The results of this support of engineering 
research and engineering education have 
been presented to the leading professional 
societies as technical papers, of importance 
to specialists in the fields covered by the 
projects; but over the years these results 
have not been made widely known to the 
engineering profession at large.” 

To remedy this, the Engineering Founda- 
tion Board appointed a committee on public 
relations which has recently been preparing 
short descriptive articles of some of the 
current projects that the committee con- 
sidered of interest to engineers generally. 
One of these, “High-Temperature Steam 
Generation,” follows. This particular article 
will probably have greatest interest for 
mechanical and electrical engineers, but the 
committee considered it of active interest 
in practically all branches of engineering. 


It concerns the work of The American 
Society of Mechanical Engineers’ (ASME) 
Committee on High-Temperature Steam 
Generation and shows how a major problem 
that cuts across the field of many companies 
and associations can be co-operatively at- 
tacked with widely beneficial results under 
the sponsorship of an organization like Engi- 
neering Foundation. 

Contributions to the program from equip- 
ment manufacturers, utilities, trade associ- 
tions, and Engineering Foundation are ex- 
pected to reach $200,000. To this must 
be added the contribution of engineering 
services provided by the Navy Bureau of 
Ships for the design and fabrication of the 
testing equipment, which is estimated at 
$125,000, plus the time and effort of members 
of the committee and others who have spent 
many days in formulating the program. 

Inquiries concerning the program may be 
addressed to Professor H. L. Solberg, 
chairman of the committee and head of the 
School of Mechanical Engineering at Purdue 
University, Lafayette, Ind. 


“High-Temperature Steam Generation” 


“Counter to the trend of the past decade 
with its steadily rising prices, the cost of 
electric power to the home consumer has 
been declining during the period while the 
cost to commercial and industrial users has 
at least not risen. For this agreeable situa- 
tion the thanks of the benefited groups are 
largely due the research programs, which 
have made it possible for central station 
generating plants to improve their efficiency 
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by the use of increasingly higher steam 
temperatures and pressures. To achieve 
further efficiency, however, has now become 
a much more difficult matter owing to two 
factors. The first of these factors is the 
severe corrosive action of high-temperature 
steam; the second is the lack of metallurgical 
stability of the materials available for super- 
heater tubing. 


“The corrosion problem has been under 
attack for a number of years. Between 1936 
and 1942 a special research committee of the 
ASME sponsored work on it at Purdue 
University. This research, which was fi- 
nanced by Engineering Foundation, Purdue 
University, and industry, was discontinued 
during the war. It was re-established in 
1949 as a project to study the possibility of 
using a regenerative steam cycle at tem- 
peratures up to 1,650 F. 

“Four factors are being studied at the 
present time: the properties of the oxide 
films formed on steel exposed to high-pressure 
steam at temperatures between 1,100 and 
1,500 F; the resistance of superheater steels 
to the gases encountered with commercial 
fuels; the metallurgical stability of the 
materials during high-temperature service 
for periods up to 3 years; and the effect 
of repeated thermal shock. 


‘Laboratory tests with synthetic atmos- 
pheres have been completed, as have field 
tests in 11 different generating units. 
According to these tests, several available 
steels are capable of satisfactory service when 
delivering steam at temperatures up to 
1,200 F—except when certain types of 
residual oils and waste fuels are burned. 





‘‘New tests that promise to be widely 
significant will be made at the Philip Sporn 
Plant of the American Gas and Electric 
Company, where steam is available at 2,000- 
psi pressure and 1,000 F temperature. 
For these tests, special apparatus has been 
designed in co-operation with the U. S. 
Navy Bureau of Ships. Electric super- 
heaters and counterflow heat exchangers 
will be installed in the plant to provide the 
required steam temperatures. This steam 
will be passed through five test racks of identi- 
cal design. Racks one and two will contain 
specimens of selected ferritic steels maintained 
at 1,100 and 1,200 F, respectively. In the 
other three racks there will be specimens of 
selected austenitic steels, which will be held 
at 1,200, 1,350, and 1,500 F. 

“It will be some 5 or 6 years before the test 
program at the Sporn plant can be com- 
pleted, as exposure of the specimens to high- 
temperature steam for a minimum of 3 
years is necessary. 

‘*The effect on heat transfer of the corrosion 
products formed by steam on the inside of 
steel tubes is now being studied in special 
equipment designed and installed at Purdue 
University. In this project, steam is passed 
through a counterflow heat exchanger and 
electric superheater connected in series, 
which will deliver steam at 1,000 F. The 
steam is then passed through two identical 
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Future AIEE Meetings 


Pacific General Meeting 

Butte, Mont. 

August 15-19, 1955 

(Final dates for TP*—closed, CPt 
closed) 


Petroleum Technical Conference 
Shamrock Hotel, Houston, Tex. 
September 12-14, 1955 


(Final date for submitting papers——closed ) 


AIEE-ISA Instrument Conference 
Shrine Auditorium, Los Angeles, Calif. 
September 12-16, 1955 

(Final date for submitting papers—closed ) 


ATEE-IRE 
Conference 
Rackham Memorial Auditorium, De- 
troit, Mich. 

September 28-29, 1955 

(Final date for submitting papers—closed ) 


1955 Fall General Meeting 
Morrison Hotel, Chicago, Ill. 
October 3-7, 1955 

(Final dates for TP—clo sed, CP. 
August 3) 


Industrial Electronics 


Motor Application and Problems in 
Heating and Cooling Conference 

St. Louis, Mo. 

October 18-20, 1955 

(Final date for submitting papers—July 
18) 


Aircraft Electrical 
Conference 
Hollywood Roosevelt Hotel 

Los Angeles, Calif. 

October 25-27, 1955 

(Final date for TP—July 11, CP— 
Aug. 25) 


Equipment 


EJC-AIEE Nuclear Energy 
Conference 

Cleveland, Ohio 

December 12-16, 1955 

(Final date for submitting papers—Sep- 
tember 12) 


Winter General Meeting 

Hotel Statler, New York, N. Y. 
January 30—February 3, 1956 
(Final date for TP—Oct. 20, CP- 
Nov. 30) 


South West District Meeting 
Dallas, Tex. 

April 2-4, 1956 

(Final date for TP—Jan. 3, DPt 
Feb. 2) 


Great Lakes District Meeting 

Fort Wayne, Ind. 

April 16-18, 1956 

(Final date for TP—Jan. 16, DP— 
Feb. 16) 


North Eastern District Meeting 

Rochester, N. Y. 

May 2-4, 1956 

(Final date for TP—Feb. 1, DP—Mar. 2) 
*TP—Transactions papers 


+DP—District papers 
¢~CP—Conference papers 











heat exchangers in series, one of which con- 
tains a clean tube and the other a corroded 
tube of the same steel. By measuring the 
flow and the temperature rise through the 


two heat exchangers in series, the effect of 
the scale on heat transfer can be determined. 
The thickness of the scale and its metallur- 
gical characteristics will also be determined.” 


Second Petroleum Industry Conference 


Planned; Authors Invited to Present Papers 


ELECTRICAL ASPECTS of the produc- 
tion, refining, and transportation fields in the 
petroleum industry will be presented at the 


Westinghouse Electric Corporation, Houston, 
Tex., is this year’s conference vice-chair- 
man. 





CONVENTION FACILITIES have been inspected by committee members for the second Electrical Confer- 


ence of the Petroleum Industry at the Shamrock Hotel, Houston, Tex. 
September 12-14. The committee is shown above beside the hotel pool. 


The meeting will take place next 
Seated (left to right): 


R. S. Gardner, headquarters representative; H. M. Stewart, conference chairman; J. Z. Linsenmeyer, 
chairman, AIEE Committee on Petroleum Industry; and E. A. Clarke, chairman, printing and programming 


committee. 


Standing (left to right): M. T. Robin, chairman, regional publicity committee; O. A. Boyer, 


member-at-large; A. J. Zavada, chairman, inspection trips and transportation; R. S. Cannon, chairman, 
Transportation Subcommittee; J. R. Ashley, chairman, Production Subcommittee; W. H. Dickinson, chair- 
man, Refining Subcommittee; W. E. Silvus, chairman, finance and budget; H. J. Kongabel, conference 
vice-chairman; and J. C. Gardner, chairman, registration and hotel arrangements. 


second Electrical Conference of the Petro- 
leum Industry. Sponsored by the Petroleum 
Industry Committee and the Houston Sec- 
tion of AIEE, the meeting is planned for 
September 12, 13, and 14, 1955, at the 
Shamrock Hotel, Houston, Tex. The con- 
ference sessions will be open to all interested 
persons. 

A large banquet is planned for the second 
evening and the speaker is to be of national 
importance and have a keen interest in the 
petroleum industry. Field trips to nearby 
installations also will be offered in conjunc- 
tion with the meeting. 

Authors desiring to present papers or dis- 
cussions should write to J. Z. Linsenmeyer, 
Chairman, Committee on Petroleum Indus- 
try, in care of the Westinghouse Electric 
Corporation, P. O. Box 1017, Pittsburgh 30, 
Pa., or to R. S. Gardner, Assistant Secretary, 
Technical Committee Activities, AIEE Head- 
quarters, 33 West 39th Street, New York 18, 
Ni x 

H. M. Stewart, Humble Oil and Refining 
Company, Baytown, Tex., has been named 
conference chairman. Harold J. Kongabel, 
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Last year the first conference was held in 
Tulsa, Okla., and was attended by 389 engi- 
neers from 22 states and Canada. 


First Father and Son 
to Hold Membership for Life 


The first father and son to hold AIEE 
Membership for Life are Cyril M. Jansky, 
Sr., and Cyril M. Jansky, Jr. This happened 
on May 1 when Mr. Jansky, Jr., 55, com- 
pleted 35 years as a member of the Institute. 
His father, Cyril M. Jansky, Sr., 85, was made 
a Member for Life 15 years ago. Both have 
achieved distinction in the electrical engineer- 
ing profession for many years. The elder Mr. 
Jansky is professor emeritus of electrical en- 
gineering, University of Wisconsin (Madi- 
son). His son 1s a founder and chairman of 
the board of Jansky and Bailey, Inc., Wash- 
ington, D. C., radio consulting engineers. 

Professor Jansky was born in Richland 
County, Wis., March 15, 1870. He is a 
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Fellow of the AIEE, a former president of the 
Institute of Radio Engineers, and a member of 
the Prague Society of Physics and Mathema- 
tics. He received his bachelor of arts degree 
from Valparaiso University, Indiana, in 1891 
and his master of science degree from Michi- 
gan University (Ann Arbor) in 1904. 

He was with the Bureau of Standards be- 
fore entering the teaching profession as acting 
dean of the School of Applied Science at 
Oklahoma University in 1905. In 1908 he 
became professor of electrical engineering at 
Wisconsin and retired in 1940, 

The younger Mr. Jansky was born in Del- 
ton, Mich., June 28, 1895. He received both 
his bachelor of arts and master of arts de- 
grees from the University of Wisconsin. He 
is a fellow of the Institute of Radio Engineers. 

He was a member of the electrical engi- 
neering faculty at the University of Minnesota 
from 1920 until 1928 when he returned to 
enter private consulting practice. He was a 
founder of the firm of Jansky and Bailey in 
1930. Engaged in the development of sound 
broadcasting and other radio fields since 
1920, he was a member of the four Hoover 
Radiotelephone Conferences, 1922-26. He 
was also a United States delegate to the 
General International Conference dealing 
with radio regulation and electronic aids to 
marine navigation. He was a special con- 
sultant to the Secretary of War in 1942 and 
1943 and received certificates of appreciation 
from the U.S. Army and Navy for outstand- 
ing contributions to the work of the Office of 
Scientific Research and Development during 
World War II. 


Tesla Centennial 
Proposed for Next Year 


In an editorial, ‘Strange Genius,” pub- 
lished in Power, May 1955, attention is 
directed to an early Member of AIEE, 
Nikola Tesla, and his work which had a pro- 
found effect on the future of electrical engi- 
neering. 

He was author of a paper entitled, ““A New 
System of Alternate Current Motors and 
Transformers,” presented before a general 
meeting of the Institute on May 16, 1888, 
and recorded in the AIEE Transactions, vol. 5, 
pp. 308-24—with more than three pages of 
discussion. In this paper Tesla described a 
new a-c system that had as its heart the induc- 
tion motor with its basic concept of the ro- 
tating magnetic field. 

For Tesla, this was only a_ beginning. 
Still to come was his work on high fre- 
quencies which consisted of thinking basic to 
much of the radio art of today. Yet when he 
died in 1943, he and his work had almost been 
forgotten. Why? 

Quoti. from the Power editorial in 
answer, “A man of flashing insights and 
enormous intelligence, Tesla was largely in- 
different to the development of his ideas. 
This he left to others while he followed the 
lure of new challenges. In later years, his 
projects became more grandiose, his ways 
more mysterious, his pronouncements more 
Olympian. And working alone, as he did, 
he formed none of the institutional ties that 
help to perpetuate a record of accomplish- 
ment. 

“Next year—July 10, 1956—will be the 
100th anniversary of Nikola Tesla’s birth. 
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It would be fitting for our engineering socie- 
ties to commemorate this occasion, to ac- 
knowledge our debt to this strange and lonely 
genius who changed our world for the 
better.” 

Inasmuch as Nikola Tesla was a Vice- 
President of AIEE (1892-94) and the Edison 
Medalist of 1916, it would seem most ap- 
propriate that the AIEE take cognizance 
next year of the centennial of this remarkable 
man’s birth. 


1,200 At Electronic Components 
Conference; Proceedings Available 


Twelve hundred electronic engineers gath- 
ered May 26 and 27 in Los Angeles, Calif., at 
the Ambassador Hotel for the Sixth Annual 
Electronic Components Conference, which is 
staged alternately on the East and on the 
West Coasts. The conference is sponsored 
jointly by AIEE, Institute of Radio Engi- 
neers, Radio-Electronics-Television Manu- 
facturers Association, and the West Coast 
Electronics Manufacturers Association. 

In the Los Angeles symposium, a total of 56 
technical papers were presented in eight 
technical sessions during the 2-day meet- 
ing. Such subjects as power transistors, com- 
ponent application and reliability, and new 
semiconductor devices made up session topics. 

In addition, there were outstanding lunch- 
eon addresses on each of the two days, by Dr. 
Ivan Getting, Raytheon Manufacturing 
Company, and L. C. Hyland, Hughes Air- 
craft Company. Dr. Gettings’ topic was 
“The Increasing Need for New Com- 
ponents.” He outlined the growing demand 
for components of completely new types, to be 
designed to do jobs never before attempted. 

Mr. Hyland spoke on ‘‘The Component 
Future,” which concerned the research, de- 
velopment, and production challenges that 
are ahead for the electronics industry. 

A debate, in which four of the nation’s 
leading electronics spokesmen discussed 
‘Tubes vs. Transistors,’ took place May 26. 
Dr. Harper North, Pacific Semiconductors, 
and Dr. Louis Ridenour, Lockheed Aircraft, 
spoke for transistors, opposing Dr. W. R. G. 
Baker, General Electric Company, and Lt. 
Gen. C. S. Irvine, Deputy Chief of Staff, 
Materiel. 

Complete proceedings of the 1955 Elec- 
tronic Components Conference may be or- 
dered by addressing the AIEE Order De- 
partment, 33 West 39th Street, New York 18, 
ie ee @ 


District 6 Student Branches 
Meet, Hold Conference Apr. 22-23 





The District No. 6 Student Branch Con- 
ference was held at the South Dakota School 
of Mines and Technology, April 22 and 23. 
Participating schools were the Colorado Agri- 
cultural and Mechanical College, University 
of Colorado, University of Denver, South 
Dakota School of Mines and Technology, 
University of Wyoming, and the University 
of Nebraska, Eleven papers were presented 
by students at the conference and the winning 
papers of the competition were announced at 
the evening banquet by Vice-President A. S. 
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AIEE Fellow Honored by San Francisco Section 




































































“FOR LEADERSHIP in solution of inductive co-ordination problems and in the field of com- 
munications engineering,” Thomas Taylor receives his certificate as Fellow in the AIEE 
The certificate was presented at a recent dinner meeting of the San Francisco Section. Mr. 
Taylor is chief engineer, The Pacific Telephone and Telegraph Company, San Francisco, 
Calif. (For his biography, see pages 353-4 of the April Electrical Engineering). Con- 
gratulations are given by D. I. Cone (right), AIEE Director, and Wilbur Howe (left), San 
Francisco Section chairman. 
























New Building to Be Inspected by Members 











































A SCALE MODEL of the new Pru- 
dential Building, Chicago, Ill., is 
shown. This $40,000,000 structure 
will be among the inspection trips 
scheduled for the Fall General Meet- 
ing of AIEE, October 3-7. It has the 
highest electrical design load of any 
building in the United States, the 
fastest high-rise elevators in the 
world, and also the highest intensity 
lighting. Headquarters for the meet- 
ing will be at the Morrison Hotel. 


































































































































(Credit, Hedrich-Blessing, Chicago) 
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Anderson. They were as follows: ‘‘Minia- 
turization of Geiger Counters,” first prize, 
John Sparks and Robert Bergman, Uni- 
versity of Wyoming; “The Transistor and 
Its Application,”’ second prize, D. J. Neale, 
University of Denver; ‘“‘Computers,” third 
prize, William D. Gutscher, Colorado Agri- 
cultural and Mechanical College. 

Judges for the written papers were: P. T. 
Baird, A. G. Johnson, and M. I. Risley, mem- 
bers of the Nebraska Section of the AIEE. 
Judges for the oral presentation were: C., L. 
Gust, R. O. Asheim and D. O. Flahart, 
members of the Black Hills Subsection of the 
Denver Section. 

Vice-President Anderson presided at the 
business meeting of counselors and incoming 
Student Branch chairmen held Saturday 
morning, April 23. Professor Paul H. Lin- 
don, counselor for the Colorado Agricultural 
and Mechanical College Student Branch, was 
elected District No. 6 chairman of the Com- 
mittee on Student Activities for next year. 


New Hampshire Section Holds 
Final Meeting of the Year 


The final meeting of the year of the New 
Hampshire Section was held May 11. Fea- 
tured at the meeting was Ray Moeller, 
commercial engineer of the Meter and 
Instrument Divisions of the General Motors 
Company. Mr. Moeller’s topic was, 
World Under Sail.” He 
18-month’s world cruise of 
Johnson’s brigantine Yankee to 103 ports. 

Retiring Section Chairman Roger Hunt 
introduced the incoming officers for the 
L. M. Partridge will be the 
new chairman and Floyd H. Busch vice- 
chairman. Richard A. Nichols was re- 
elected secretary-treasurer and his assistant 
will be J. H. Spencer. Newly elected 
members of the executive committee are: 
W. B. Nulsen and W. O. Pennell. H. J. 
Ellis and D. F. Carlisle will continue on the 
executive committee with senior past chair- 
man Fred Austin and junior past chairman 


“Around the 
described the 


1955-56 season. 


INCOMING CHAIRMAN L. M. Partridge, New Hampshire Section, chats with 
Ray Moeller, guest speaker (center), and R. W. Hunt, outgoing chairman, at 
Mr. Moeller is commercial engineer, Meter 


the May 11 Section meeting. 
and Instrument Divisions, General Motors Company. 
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MINIATURE GEIGER COUNTER is demonstrated by John Sparks (left) and Robert Bergman, 


coauthors of the first prize paper in District 6's Student Paper Competition. 


represent the University of Wyoming Branch. 


Both students 





R. W. Hunt. Retiring members of the 
executive committee are L. W. Hitchcock, 
R. T. Lord, and J. C. Robinson. 

Also, Leonard E. Bernier, retiring chair- 
man of the Student Branch at the University 
of New Hampshire, was presented with first 
prize money and a certificate as the winner 
of the prize paper contest, April 15. Donald 
W. Melvin received second prize. 

The judges from the Section were: 
Richard T. Lord, New Hampshire Electric 
Company; Ernest T. Parsons and Floyd H. 
Busch of General Electric Company. 

Professor Alden L. Winn, chairman of 


student relations for the Section, introduced 
Stanley A. Dabrowski, incoming chairman 
of the Student Branch, 


5 Winners for District 5 
Student Paper Competition 


The Annual District 5 Student Paper Com- 
petition was held in Milwaukee, Wis., at 
the District 5 Conference on Student Activi- 
ties, May 12-14. Serving as hosts for the 


RETIRING CHAIRMAN of the Student Branch at the University of New Hamp- 
shire L. E. Bernier (left), incoming Branch Chairman S. A. Dabrowski (center), 
and Professor A. L. Winn, chairman of student relations, New Hampshire 


Section, were also at the meeting. 
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meeting were the AIEE Student Branches of 
Marquette University and the Milwaukee 
School of Engineering. Undergraduate stu- 
dents from 17 schools in the District presented 
papers. 

In the undergraduate competition, first 
place was awarded to James C. Trieble, 
Marquette University, for ‘Unipolar Gener- 
ators, Theory and Development.”’. Charles 
Roth, University of Minnesota, took second 
place honors with “The Tic-Tac-Toe Ma- 
chine.” ‘Synchronous Demodulation and 
Dual Channel Reception’? won third place 
for Richard Reid of Iowa State College. 

On the graduate level, John J. Jones, Uni- 
versity of Notre Dame, won first place for 
‘**Phase Plane Analysis of Sampled Data Sys- 
tems.” Robert W. Greer, University of Wis- 
consin, received second place for ‘‘Phase 
Angle and Root Loci Analysis of Sampled 
Data Systems.” 


AIEE’s Pittsburgh Section 
Celebrates 52d Anniversary 


Four-hundred forty persons attended 
Pittsburgh Section’s 52d Anniversary Dinner 
Meeting, April 19. Eighty of these were 
AIEE Student members. 

The dinner meeting ended a busy day of 
activities centered around the Student mem- 
bers. The students had attended a confer- 
ence at the Mellon Institute and later toured 
the Irvin Works of the United States Steel 
Company. 

At the dinner, prizes were awarded as part 
of the District prize paper contest. Fifty 
dollars, the first prize, went to James T. 
Raleigh of Pennsylvania State College for 
“Some Aspects of Magnetic Recording.” 
The second prize of $25 went to Andrew W. 
Revay of the University of Pittsburgh. 

Guest speaker was Dr. Guy Suits, vice- 
president of research and director of the 
General Electric Company. His talk was 
*‘Laboratory Production of Diamonds.” 
This was a review of man’s effort to duplicate 
nature’s hardest substance and led to General 


CELEBRATING Pittsburgh Section’s 52d anniversary, April 19, were 440 persons. 


LOOKING AT THEIR CHECKS are winners of District 5's Student Paper Competition. 


Seated 


left to right: R. W. Greer, second place winner, graduate competition, University of Wisconsin; 
J. C. Trieble, first place, undergraduate competition, Marquette University; R. J. Reid, third 


place, undergraduate competition, lowa State College. 


Standing left to right: Howard Brem, 


one of the oral contest judges and past chairman, Milwaukee Section; E. L. Fairchild, chairman, 
District 5 Student Activities Committee; C. M. Summers, Vice-President, District 5; and C. R. 


Schultz, Secretary, District 5. 


Electric Company’s recent achievements in 
this field. (See pictures below.) 


Baltimore Section Hears 
Talk on High Fidelity 


At the April meeting of the AIEE Balti- 
more Section, Charles Wilkins, assistant to 
the chief engineer of the David Bogen Com- 
pany, presented a paper entitled “High- 
Fidelity Music Reproduction by Electronic 
Means.” ‘This paper dealt with the general 
problems involved in obtaining realism in 
music reproduction. Also, Mr. Wilkins 
demonstrated his firm’s latest equipment. 


Eighty of these were AIEE Student members. 


AIEE Student Winners 
Visit NBC and RCA 


District Winners of the Institute’s Prize 
Paper Competition toured the National 
Broadcasting Company (NBC), New York, 
N. Y., and also visited the David Sarnoff 
Research Center of the Radio Corporation 
of American (RCA), Princeton, N. J.. May 
8 and 9. (See picture of the students 
at the research on the following 
page. ) 

At Princeton, the group was welcomed by 
Dr. Douglas H. Ewing, administrative 
director, RCA Laboratories, and met with 
leading members of the laboratory staff. 


center 


The picture at the left shows 


some of those who attended. The speaker's table is in the background. Guest speaker C. G. Suits, vice-president and director of research of the General 
Electric Company, is shown in the picture at the right (standing). Seated are (left to right): S. L. Drum, executive vice-president, West Penn Power Company; 
E. S. Reeser, chairman, Pittsburgh Section; E. C. Bain, vice-president, research and technology, U. S. Steel Corporation; P. D. Carmichael, Student Branch Confer- 


ence chairman, 
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DISTRICT WINNERS of the Institute's Prize Paper Competition are shown at the David 
Sarnoff Research Center of the Radio Corporation of America (RCA), Princeton, N. J., 
May 9. Students also visited the National Broadcasting Company. At left is C. N. 
Hoyler, manager of technical relations, RCA Laboratories, displaying an early television 


tube made by Dr. V. K. Zworykin in 1931. 


Students are (front row, left to right): J. D. 


Lambert, A. W. Ladd, University of Cincinnati; Richard Wolfson, New York University; 
and (back row, left to right) H. P. Le Fevre, Manhattan College; Arvin Grabel, New 
York University; R. L. Sieron, Worcester Polytechnic Institute; G. D. Halusczczynsky, 
Case Institute of Technology; J. T. Raleigh, Pennsylvania State University; and Dionysios 


Speliotis, University of Rhode Island. 


Their visit included inspection of research 
facilities and demonstrations of recent 
electronic developments. 

This is the fourth year the AIEE Prize 
Paper winners have visited NBC and the 
David Sarnoff Research Center under RCA 
sponsorship. 


Lehigh Valley Section 
Holds Annual Safety Meeting 


Do it yourself activities at home have in- 
creased home accidents to such an extent 
that they may soon out-number industrial 
accidents. This was mentioned by James E. 
O’Neil at the Lehigh Valley Section’s annual 
Safety Meeting, April 15. Mr. O’Neil, di- 
rector of Industrial Service, National So- 
ciety for Prevention of Blindness, gave a talk, 
“The Positive and Negative of Safety.” He 
stressed the development of good safety habits 
both at home and at work. He said that 
people can reduce the number of home acci- 


dents by taking home safety habits learned 
at their place of employment. 

J. J. Smith, president of the Northeastern 
Pennsylvania Optometric Association, 
showed a film, ‘‘To Live in Darkness.”? He 
later described the orthorater, a machine 
used for detecting various eye defects. 


Seattle Section Is Host 
to Washington University Branch 


Seattle Section members were hosts to the 
University of Washington Student Branch at 
the Section’s annual banquet, April 28. H. 
R. Loew, Seattle Section vice-chairman, pre- 
sided and 35 students from the University of 
Washington attended. One hour was spent 
before dinner in becoming better acquainted 
with the students. Peter Schoening, ex- 
perienced mountain climber, lecturer, and 
chemical engineer, showed slides of his ex- 





THE ANNUAL SAFETY MEETING of the Lehigh Valley Section was held April 15 in Scranton, Pa. Essential 
to the meeting's success were (left to right, standing): A. W. Plonsky, publicity committee; W. F. Dunkle, 
Section vice-chairman; J. W. Gehrke, Scranton Division manager; H. Landsman, membership committee; 
D. H. Jackson, meetings and papers committee; J. W. Mills, attendance committee. Seated left to right 
are: Speakers J. J. Smith, J. E. O'Neil, and Section Chairman D. L. Greene. 


616 


Institute Activities 


periences in the conquest of King’s Peak, 
Alaska. 

Since this banquet was very successful, the 
Section plans to make it an annual event. 


COMMITTEE 
ACTIVITIES 


Editor’s Note: This department has been created 
for the convenience of the various AIEE technical 
committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Head- 
quarters, 33 West 39th Street, New York 18, N. Y. 


Industry Division 


Committee on Mining and Metal Industry 
(W. R. Harris, Chairman; R. B. Moore, 
Vice-Chairman). Committee activities during 
the past year have been devoted almost 
entirely to the organization and presentation 
of technical papers at General meetings. 
The Metal Industries Subcommittee has 
carried on co-ordinated activity with the 
American Iron and Steel Institute (AISE), 
the objective being to reach informal agree- 
ment on proper scope of AISE and AIEE 
with respect to technical paper coverage. 
The Eastern Mining Subcommittee has 
continued close liaison with the Under- 
ground Power Committee of the American 
Mining Congress (AMC) and several persons 
participating both in AIEE and AMC have 
assisted materially in this endeavor. 

Throughout the Committee on Mining 
and Metal Industry there has been increased 
emphasis on technical papers of high quality. 
It is believed that AIEE papers should be 
directed primarily toward electrical engi- 
neers in the mining and metal field, whereas 
papers prepared for AISE and AMC should 
be less technical in nature from an electrical 
standpoint and should be directed princi- 
pally toward operating and management 
people in the industries. 


Power Division 


Committee on Switchgear (J. D. Wood, 
Chairman; J.C. Woods, Vice-Chairman; K. J. 
C. Falck, Secretary). The Committee on 
Switchgear has undertaken the preparation 
of standards for fuses 600 volts and below. 
A comprehensive study of existing standards 
for fuses in this voltage has been made. 
Many forms of the fuses as now available 
on the market, such as the modern current- 
limiting fuse, are not adequately covered. 

A working group under the chairmanship 
of J. C. Lebens will prepare standards which 
will supplement existing standards and be 
applicable to the higher current ratings and 
the higher interrupting ratings. 


Committee on Transformers (J. A. Adams, 
Chairman; J. R. Meador, Vice-Chairman; 
M. H. Pratt, Secretary). At a meeting in 
Cleveland, Ohio, April 1, 1955, the com- 
mittee approved a proposed ‘‘Test Code for 
Power Factor Testing of Distribution Trans- 
formers.”’ Also, revisions were proposed for 
the dielectric test tables covering dry-type 
transformers, instrument transformers, and 
induction and step-type regulators. These 
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PAST CHAIRMEN of AIEE’s Michigan Section were honored at a dinner, April 12. Also, newly elected officers of the Section were presented. 
Past chairmen shown above are (left to right): A. A. Meyer (1916-17), A. S. Albright (1921-22), J. H. Cannon (1922-23), L. Braisted (1930-— 
31), J. J. Shoemaker (1931-32), O. E. Hauser (1932-33), J. R. North (1934-35), and H. P. Seelye (1935-36). Back row (left to right): S. S. 
Attwood (1936-37), D. H. Baker (1937-38), R. E. Greene (1938-39), W. Knickerbocker (1939-40), M. B. Stout (1942-44), L. W. Clark (1945- 
46), G. M. Shute (1946-47), E. F. Dissmeyer (1949-50), I. B. Baccus (1951-52), A. P. Fugill (1952-53), and H. E. Crampton (1953-54). 


Eta Kappa Nu Honors New AIEE President 


HONORARY MEMBERSHIP in Eta Kappa Nu, 
Gamma Kappa Chapter, Newark College of Engi- 
neering, Newark, N. J., was presented to incom- 
ing AIEE President Morris Hooven (second from 
left), April 26. Charles Deininger (far right), senior 
electrical student and president of Eta Kappa Nu 
at the college, presented the certificate. Another 
AIEE member, Solomon Fishman (left, M'34), as- 
sociate professor of electrical engineering at the 
college, received honorary membership, as did 
Henry Jasik (second from right, not an AIEE mem- 
ber). Faculty adviser to the chapter is Professor 
R. E. Anderson (M '48), associate professor, elec- 
trical engineering. 


ON DISPLAY are one of the New York, New Haven and Hartford Rail- trip at the company’s Van Nest Shops located in the Bronx Borough of 
road Company's new rectifier-equipped locomotives (right) and multiple- New York, N. Y., May 7. The trip was sponsored by the Transportation 
unit cars (left). About 65 AIEE members and guests attended an inspection Division of AIEE’s New York Section. 
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proposals will be submitted to the Standards 
Committee for further action. 

A proposed test code for temperature-life 
tests of ventilated dry-type transformers has 
been prepared for discussion at the Summer 
General Meeting. It is an attempt to apply 
to ventilated dry-type transformers the 
recommendations for evaluating insulation 
systems as suggested in AIEE no. 7, ‘General 
Principles Upon Which Temperature Limits 
Are Based in the Rating of Electric Machines 
and Other Equipment.” Tests are proposed 
for either actual transformers or models. 

A test code for current-limiting reactors 
has been prepared. Also, separate test 
codes for other specific types of equipment 
are being developed to replace the present 
test code which is concerned primarily 
with power and distribution transformers. 

The Insulating Fluids Subcommittee is 
preparing a guide on insulating oils which 
will cover circuit breaker oils as well as 
transformer oils. 

The recently established West Coast 
Subcommittee has held two meetings in 
San Francisco this year and is actively 
engaged on transformer problems. It is 
expected that proposals and suggestions 
from this subcommittee will be of consider- 
able value to the main committee. 

A new project under investigation by a 
working group of the committee is the use of 
impedance-bridge methods for measurement 
of transformer losses. 


Committee on Protective Devices (E. G. 
Norell, Chairman; E. M. Hunter, Vice-Chair- 
man; K. H. Kidd, Secretary). A working 
group under the Subcommittee on Fault 
Limiting Devices has been preparing a 
report, ‘‘Factors Concerned with the Use of 
Protective Devices Shunting Current Limit- 
ing Reactors’ and has now completed 
investigations on the protection of both 
series and neutral grounding reactors. 
The work of this group was divided into 
several separate investigations: 


1. A questionnaire was sent to 45 power 
companies requesting information on troubles 
which have been associated with the use of 
current limiting reactors. 

2. A detailed study was made of the 
application and experience records on 
current-limiting reactors as applied to 
industrial firms. 

3. Failures involving reactors and cables 
in Havana, Cuba, were analyzed. 

4. A general study was made of transient 
overvoltages due to arcing grounds on 
circuits involving current-limiting reactors. 

5. Experience with forced current zero 
and investigations of faults through solid 
dielectrics were reviewed. 

6. Requirements for protection of neu- 
tral grounding reactors were studied. 


A final report on this subject will be 
presented at the Summer General Meeting 
in Swampscott, Mass. 

A working group has been organized under 
the Subcommittee on Lightning Protective 
Devices to review the status of information 
on lightning protection of multicircuit 
substations. For a given assumed incoming 
surge to a station the additional lines con- 
nected to the bus reduce the steepness of the 
front of the wave and effect the permissible 
distance between the arrester and the trans- 
former. The added lines also reduce the 
magnitude of any incoming surge. It is 
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District 7 Student Winner Announced 






RR AE eae tg is gp 














PAST AIEE VICE-PRESIDENT C. Myron Lytle, 1952-54, (left) presents District 7's cup to the winner of 


the District student paper competition, Morton L. Mullins (right). 
Branch at the School of Mines, University of Missouri (Rolla). 


Mr. Mullins represented the Student 
The cup was donated to the District by 


the Branch at the University of Kansas (Lawrence) and will be presented to future winners each year. 
The contest was held at the University of Kansas, April 15-16. 





hoped this group can evaluate the effect 
of the additional lines and furnish infgrma- 
tion to assist in the application of lightning 
arresters on multicircuit substations. 

An investigation of switching surges is 
being undertaken as a joint effort by repre- 
sentation on a working group of the Trans- 
mission and Distribution General Systems 
Subcommittee. Lightning arresters are in- 
volved in that the switching surge voltage 
may be high enough to spark over the 
arrester gap and discharge long-duration 
surge currents. The arrester protective 
characteristics under such surge discharges 
determine the stress on apparatus insulation 
on long-duration voltages. The nature of 
the current discharge determines the duty 
on the arrester. 





A working group has also been organized 
on surge protection of rotating machinery. 
A number of papers have been written on 
this subject and the basic idea in back of 
machine protection is to slope off the front 
and to limit the stress of surge voltage. One 
of the problems is the correct evaluation of 
the circuits and the protective capacitors to 
properly slope off the wavefront. A second 
problem is in magnitude of the impulse-level 
machine insulation. Past practice has in- 
dicated that this impulse strength is the 
crest of the original 60-cycle test voltage, 
but recent papers have indicated that a 
higher impulse strength can be assumed. 
Information will also be obtained by this 
working group on surge transfer through 
transformers. 


AIEE FELLOWS ELECTED.. 


Board of Directors Meeting, April 14, 1955* 


Bristow Guy Ballard (AM °33, M °44), 
director of the Radio and Electric Engineer- 
ing Division of the National Research Coun- 
cil (NRC), Ottawa, Ont., Canada, has been 
transferred to the grade of Fellow in AIEE 
“for his contribution in applying electrical 
engineering technology to problems of na- 
tional defense.” Mr. Ballard was born in 
Fort Stewart, Ont., June 19, 1902. He was 
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graduated from Queens University where he 
received his electrical engineering degree in 
1924. Following graduation he attended a 
Westinghouse graduate electrical engineering 
course in East Pittsburgh, Pa. In 1925 he 
entered the engineering department of the 





*The Board of Directors approved several other trans- 
fers to Fellow grade at the April 14 meeting. These 
will appear in a succeeding issue. 
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company where he remained for the next 5 
years. In 1930 he joined the National Re- 
search Council of Canada and assumed 
charge of the electrical engineering labora- 
tory. In 1948 he was made director of the 
Radio and Electrical Engineering Division. 
Mr. Ballard has greatly expanded the activi- 
ties of the division since becoming director. 
Work is now under way on such diversified 
projects as radioastronomy, long-distance 
propagation of 10-cm waves, electronic aids 
to navigation, dielectric and semiconductor 
research, high voltage, electromedical re- 
search, antenna development, high-frequency 
standards, and other projects which are classi- 
fied. He has about 80 engineers, mathema- 
ticians, and physicists under his direction, as 
well as a number of fellowship students who 
are conducting postdoctorate studies. In 
1954 he was appointed vice-president, scien- 
tific, of the NRC. During World War ITI his 
activities were largely devoted to the de- 
velopment of mine sweepers for enemy mag- 
netic mines and the protection of ships 
against these mines. Most of this work was 
undertaken in Ottawa and later applied to 
equipment on both the East and West Coasts, 
as well as on the high seas. In recognition of 
his contributions in this field, he was awarded 
the Order of the British Empire in 1946. He 
is a past chairman of AIEE’s Ottawa Section 
and at present is a vice-president of the En- 
gineering Institute of Canada. He is also a 
fellow of the Institute of Radio Engineers 
and a member of the Association of Profes- 
sional Engineers of the Province of Ontario 
and of the Professional Institute of the Public 
Service of Canada, a director of the Cana- 
dian Standards Association and chairman of 
its Approvals Administrative Board, past 
president of the Canadian National Commit- 
tee of the International Electrotechnical 
Commission, and a member of the Steering 
Committee of the Dust Problem Committee 
(to study causes and prevention of dust ex- 
plosions in grain elevators). He has served 
on the following AIEE committees: Re- 
search (1946-55) and the Standards Com- 
mittee (1953-55). 


Roy Leo Brown (M ’42), manager, Instru- 
ment and Regulator Division, Westinghouse 
Electric Corporation, Sharon, Pa., has been 
transferred to the grade of Fellow in the 
AIEE “for contributions to the theory, de- 
sign, and technical advancement of trans- 
formers in the power field.””>, Mr. Brown was 
born February 17, 1896, in Hamler, Ohio. 
He obtained his bachelor of science degree in 
electrical engineering from Ohio State Uni- 
versity in 1922. His entire professional career 
has been devoted to the theory, design, and 
application of transformers, regulators, and 
related apparatus with the Westinghouse 
Electric Corporation. In 1922 heserved as a 
design engineer in the power transformer sec- 
tion. In this capacity he was responsible for 
design and correct interpretation of con- 
sumers’ requirements on certain commercial 
orders for the largest power transformers 
made by Westinghouse. In the company ex- 
pansion program of 1925 he was sent to the 
newly acquired transformer plant at Sharon. 
Thus he was on the “ground floor” of opera- 
tions there. In 1926 he was active in de- 


veloping the idea of using subdivided con- 
ductors in the windings resulting in greatly 
reduced costs on large power transformers. 
From 1928-37 Mr. Brown was active in a 
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specialized group of engineers assigned to 
developing standard insulation to be used in 
large power transformers. His studies re- 
sulted in the use of a radically new method 
of applying insulating spacers in shell-type 
transformers, as well as a simplification of 
manufacturing drawings. This resulted in 
much saving of cost. He also conceived the 
idea for the sudden-pressure relay and the 
form-fit tank for shell form transformers in 
1937. Other patents credited to him during 
this period were: an improved tongue 
wedge for shell-type transformers, 1931; ap- 
plication of air blast to Westinghouse radia- 
tors, 1935; and transformer tank structure, 
1938. His application of air blast to radiators 
made possible more than before the use of 
increased kilovolt-ampere capacity in trans- 
formers and led to the introduction of triple- 
rated transformers. His patents were in- 
corporated to a large extent in the actual de- 
sign and manufacture of power transformers 
during this and subsequent years. In 1937 
he was named to head an entirely new engi- 
neering group devoted to analyzing and com- 
piling means of reducing manufacturing 
costs. He became a section engineer in cost 
reduction engineering having responsibility 
for the activities of three cost engineers. The 
scope of activity was plant-wide. His counsel 
was sought during this period in teaching cer- 
tain phases of transformer design to new 
student engineers. He contributed further 
ideas in the lowering of transformer costs by 
proving that it was practical to reduce the 
number of high-low spaces in the internal 
construction of transformer windings. His 
fostering of the use of paper-insulated cable 
was proved practical and is used today on a 
plant-wide basis. Also during this period 
Mr. Brown obtained a patent on a trans- 
former case with internal base reinforcement. 
In 1941 he was promoted to section manager 
in large power transformer design. He was 
not only responsible for activities of about 20 
engineers and 40 draftsmen, but for the suc- 
cess of many new methods which he himself 
conceived during his period as a develop- 
ment engineer. In 1949 he became manager 
of the Instrument and Regulator Division at 
Sharon. There he became responsible for the 
activities of three entire sections, each 
equivalent in importance to the section he 
managed from 1941-49. These were: the 
regulator section, the instrument section, and 
the auxiliary apparatus section. His re- 
sponsibilities multiplied to include about 52 
engineers and about 75 draftsmen, clerks, 
and stenographers. He was elected chairman 
of AIEE’s Sharon Section, 1947-48. In 1952 
he became a member of the AIEE Trans- 
former Committee and in 1953 was named 
chairman of the Working Group on Revision 
of Guides for Loading Oil-Immersed Trans- 
formers, an office he still holds. A biography 
of Mr. Brown has appeared in ‘‘Who’s Who 
in Engineering” since the 1948 edition. Mr. 
Brown has served on AIEE’s Transformer 
Committee (1952-55) and Substations Com- 
mittee (1954-55). 


Thomas Henry Granfield (AM ’19, M ’27, 
Member for Life), assistant vice-president, 
engineering, Northwestern Bell Telephone 
Company, Omaha, Nebr., has been trans- 
ferred to the grade of Fellow in AIEE “for 
skill in handling the engineering problems of 
an important communications enterprise, 
and for leadership in the development and 
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great enlargement of its engineering organiza- 
tion.” Mr. Granfield was born in Pittsfield, 
Mass., September 1, 1890. He received his 
bachelor of science degree in 1914 from the 
University of Minnesota and also did some 
graduate school study before entering the 
U. S. Army. Before graduation from the 
University of Minnesota, he did various as- 
signments during summer vacations in the 
transformer engineering department of the 
General Electric Company. From 1914-15 
he was with the insulation testing laboratory 
of General Electric. He joined the North- 
western Telephone Exchange Company, 
Minneapolis, Minn., in 1916 where he did 
miscellaneous plant and engineering de- 
partment assignments. For 2 years, 1917-19, 
he was with the U.S. Army, Signal Corps and 
Air Force. His career with the Northwestern 
Bell Telephone Company began in 1919 
when he finished Army service. He was a 
toll engineer for the company at St. Cloud, 
Minn. He later transferred to the North- 
west Division, Minneapolis. Then he be- 
came interference engineer at the general 
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office, Omaha, in 1920, where he developed, 
directed, and supervised engineering plans 
for inductive co-ordination of power and 
telephone lines for harmonious relationships 
over a 5-state area. He then succeeded to 
the following positions at that office: engi- 
neer of costs and practices, 1925-28; inven- 
tory and costs engineer, 1928-39; engineer- 
ing and plant operations supervisor, 1939-40 ; 
engineering supervisor, 1940-42; inven- 
tory and costs and war activities engineer, 
1942-45; assistant vice-president, engineer- 
ing, 1945 to date. As engineer of costs and 
practices he supervised establishment of de- 
preciation charges for a $175,000,000 prop- 
erty and directed development of data on en- 
gineering costs that greatly aided field engi- 
neering. When he became inventory and 
costs engineer he retained his responsibilities 
from his previous position and was also 
placed in charge of all staff engineering work 
at the company general office. Next, as en- 
gineering and plant operations supervisor, 
he supervised the engineering of construction 
for the entire company territory and assumed 
staff supervision of plant operations. During 
World War II he added to his responsibilities 
supervision of war-time protective measures, 
such as planning special construction proj- 
ects for the Armed Forces. In his present 
position he supervised the increase in engi- 
neering forces within the organization from 
275 to 685. This increase was for handling 
the large postwar construction program for 
growth and mechanization with capital ex- 
penditures of more than $400,000,000. His 
activities in the AIEE have included: secre- 
tary, Nebraska Section, 1934-35; chairman, 
Nebraska Section, 1935-36; Secretary, 
North Central District, 1936-37. 


Clarence Walter Minard (M °45), assistant 
general manager, Omaha (Nebr.) Public 
Power District, has been transferred to the 
grade of Fellow in AIEE “for contributions 
to the planning and design of higher voltage 
distribution systems in extensive rural 
areas.” Mr. Minard was born in Plattekill 
Township, Ulster County, N. Y., February 
14,1893. He obtained an electrical engineer- 
ing degree from Syracuse University in 1916. 
After graduation he entered the student 
training program at Westinghouse Electric 
and Manufacturing Company, East Pitts- 
burgh, Pa. From 1917-18 he was assistant 
electrical engineer, U. S. Signal Corps, 
General Supply Depot, Fort Wood, N. Y. 
From 1918-19 he served with the U.S. Army. 
After his Army service he joined the Nebraska 
Power Company, Omaha, predecessor of the 
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Omaha Public Power District. As assistant 
engineer at Nebraska Power, he did drafting 
and miscellaneous engineering work. Later 
he was responsible and prepared detailed 
plans for the cutover of the underground dis- 
tribution system in the main business dis- 
trict of Omaha, from 2,300 volts delta to 4 
kv Y with multigrounded common neutral. 
He became assistant to the chief engineer in 
1925 assigned to special duties and investiga- 
tions by the chief engineer. He was ap- 
pointed assistant chief engineer in 1931. 
Then he was in charge of all transmission 
and distribution engineering work under the 
supervision of the chief engineer. Beginning 
in 1934 he promoted the development of low- 
cost farm lines using high-strength conduc- 
tors, single bushing transformers, and multi- 
grounded common neutral. In this connec- 
tion he secured the co-operation of the Edison 
Electric Institute—Bell System Joint Commit- 
tee on Research and Development in making 
tests of the inductive influence of 7,620- to 
13,200-volt Y multigrounded common neutral 
rural distribution lines on parallel com- 
munication circuits. The tests were made on 
the Nebraska Power Company system, both 
in Nebraska and Iowa, during the summer of 
1935. They resulted in securing the Bell 
System approval of the use of such lines and 
the general adoption by the industry of multi- 
grounded common neutral for rural electri- 
fication. He became chief engineer of 
Nebraska Power in 1937 and in 1946 chief 
engineer of the Omaha Public Power Dis- 
trict, successor to Nebraska Power. He was 
in full charge of all transmission and dis- 
tribution engineering work. He was in 
charge of the design and installation of the 
secondary network system in the main com- 
mercial district in Omaha, which was 
initially started in 1937. In both 1929 and 
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1937 he made a detailed allocation of the 
electric system in the Omaha area, allocating 
the investment in production, transmission, 
and distribution facilities to the various 
classes of service, for rate-making purposes. 
He supervised the design and construction of 
the Nebraska section of the 270-mile Omaha- 
Median 154-kv line and the staged fault tests 
thereon. This line interconnected the sys- 
tem of the Nebraska Power Company of 
Omaha with the Kansas Gas and Electric 
Company system in the vicinity of Wichita. 
As a part of this project, he coauthored a 
1943 AIEE paper, “Staged Fault Tests of 
Relaying and Stability on Kansas—Nebraska 
270-Mile 154-Kv Interconnection.” Since 
1946 his responsibilities have included draft- 
ing and negotiating reserve interchange 
agreements with the three utilities with which 
Omaha Public Power District is intercon- 
nected. Two of these involved pooling of re- 
serves. In January 1953, he submitted a 
comprehensive report on the reserve ca- 
pacity requirements of this group of systems, 
as well as three subgroups, based on actual 
outage data for a 6'/2-year period ending 
June 30, 1952. As a result of this work, he 
was made a member of the AIEE Joint Sub- 
committee on the Application of Probability 
Methods to Power System Problems. 


Arthur Reynold Nelson (AM ’22, M ’29), 
general superintendent of distribution, elec- 
tric department, Public Service Electric and 
Gas Company, Newark, N. J., has been 
transferred to the grade of Fellow in AIEE 
‘in recognition of his engineering and ad- 
ministrative achievement in the over-all 
guidance of the continued development and 
expansion of one of the nation’s largest trans- 
mission and distribution systems.’? Mr. Nel- 
son was born in Hartford, Conn., June 18, 
1897. He received both his bachelor of arts 
and bachelor of science degrees in electrical 
engineering from Harvard in 1920. That 
same year he joined Public Service Electric 
and Gas Company as a cadet engineer. His 
career for the past 35 years has included the 
following positions: cadet engineer, 1920-23; 
engineer, 1923-24; assistant district superin- 
tendent, Camden District, 1924-27; assistant 
to the division superintendent, Southern 
Division, 1927-30; assistant division super- 
intendent, Southern Division, 1930-31; 
assistant transmission and construction en- 
gineer, 1931-34; assistant division superin- 
tendent, Essex Division, 1934-40; division 
superintendent, Essex Division, 1940-42; 
assistant general superintendent of distribu- 
tion, 1942-49; and general superintendent of 
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distribution, 1949 to date. The positions 
listed, all with Public Service in its electric 
department, show by title his progression 
through engineering and administrative 
positions to his present job. This includes 
complete responsibility for the electric dis- 
tribution and transmission system of Public 
Service, in administration and engineering. 
Within a 3-year period he became assistant 
district superintendent at Camden. This 
district then had about 200 employees. The 
superintendent whom he was assisting was 
approaching retirement, and he actually 
served as district superintendent for several 
years. Then he became assistant to the 
division superintendent and a short time later 
assistant division superintendent in the 
Southern Division. This division was a 
1,700-square-mile area which included the 
cities of Camden and Trenton, N. J. This, 
perhaps, was the period of his greatest de- 
sign responsibility. At that time there was a 
changeover from 2-phase to 3-phase dis- 
tribution and the development of the 26-kv 
transmission system in this area. The as- 
sistant division superintendent at that time 
carried most of the engineering responsibili- 
ties. He next became assistant transmission 
construction engineer, responsible for the 
design, construction, and installation of the 
132-kv and 220-kv steel tower lines then 
being extended very rapidly. Some of the 
general designs of towers developed during 
this period are still in use. In 1934 he be- 
came assistant division superintendent in the 
Essex Division, largest of all operating divi- 
sions in terms of customers, loads, and em- 
ployees. He became superintendent of the 
division and then progressed to the office of 
the assistant general superintendent of dis- 
tribution with a state-wide responsibility. 
He is now responsible for design, installation, 
and operation of transmission, switching sta- 
tions, substations, distribution systems, and 
associated work throughout all Public Service 
territory. The construction budget of which 
he has supervision, amounts to $30,000,000 
annually. More than $20,000,000 is ex- 
pended on operation and maintenance under 
his direction. He has 4,000 employees of 
whom more than 200 are graduate engineers. 
These engineers are engaged in many dif- 
ferent fields of planning, design, and installa- 
tion. 


William Frank Uhl (AM ’12, M’13, Member 
for Life), president, Charles T. Main, Inc., 
Boston, Mass., has been transferred to the 
grade of Fellow in AIEE “for his contribu- 
tions to the development and design of hy- 
droelectric generating plants.’’ He was born 
in Sebewaing, Mich., October 14, 1880. He 
is a graduate of Michigan State College from 
which he received his bachelor of science de- 
gree in mechanical engineering in 1902 and 
the degree of civil engineer in 1910. He ob- 
tained his doctor of engineering degree from 
Tufts College in 1949. His first employment 
was with the Platt Iron Works Company, 
Dayton, Ohio, where he was designer of 
steam and hydraulic equipment from 1902- 
04. He then joined the Allis-Chalmers 
Manufacturing Company, Milwaukee, Wis., 
as engineer and designer of hydraulic tur- 
bines. When he left in 1909 he was acting 
manager of the hydraulic department. In 
1909 he joined the Charles T. Main organ- 
ization as hydraulic engineer and has been 
with that organization (now Charles T. 
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Main, Inc.) since. For the past 14 years he 
has been president. He has been in charge of 
or associated with the design and construc- 
tion of about 34 new plants and about 28 re- 
developments in important hydroelectric 
projects. Some of these have been in Africa 
and Turkey. He has been consulting engi- 
neer on 52 other projects. Among these 
have been: Electric Power, Inc., Shepaug 
Development, Conn.; Etibank, Sariyar, 
Turkey; Rockland Light and Power Com- 
pany, Grahamville Plant, N. Y.; Central 
Maine Power Company, Indian Pond De- 
velopment, Maine; Central Hudson Gas and 
Electric Corporation, Neversink Plant, N.Y.; 
Clark Hill Development on Savannah River 
and several other power plants for U. S. 
Engineers; Central Hudson Gas and Elec- 
tric Corporation, Eddyville Development, 
N. Y.; Montana Power Company, several 
developments; Union Miniere du Haut 
Katanga, Belgian Congo; Central Hidro- 
electric Del Rio Anchicaya, Ltd., Colombia, 
S. A.; Virginia Electric and Power Com- 
pany, Roanoke Rapids Development, N. C.; 
consulting and other work on several de- 
velopments for New England Power Com- 
pany. In addition to these projects, he is 
the managing partner of Uhl, Hall and Rich. 
This is the organization in charge of all engi- 
neering for United States interests in the St. 
Lawrence River Power Development near 
Massena, N. Y. He is a life member of the 
American Society of Civil Engineers, a mem- 
ber of The American Society of Mechanical 
Engineers and the Boston Society of Civil 
Engineers. He was also the director of the 
survey for the New England Council report, 
“Power in New England,” published in 
1948. 


William Frederic Wetmore (AM ’36, M’43), 
director, planning and project engineering 
department, The Detroit (Mich.) Edison 
Company, has been transferred to the grade 
of Fellow in AIEE “for contributions to 
power system engineering of a large utility 
and to the development of standards for 
circuit breakers and rotating machinery.” 
Mr. Wetmore was born December 21, 1895, 
in Jonesville, Mich. He was graduated from 
the University of Michigan where he re- 
ceived the bachelor of science degree in elec- 
trical engineering. After graduation, in 
1920, he joined the General Electric Com- 
pany’s test department, Schenectady, N. Y., 
as head of turbine test. From 1923-27 he 
was with the switchgear and central station 
engineering departments of General Electric. 
He joined the Detroit Edison Company’s 
Engineering Division in 1928. From 1937- 
49 he was systems and stations engineer; 
from 1949-53, chief electrical engineer; and 
in 1954 director of the planning and project 





engineering department. The Detroit Edi- 
son Company’s system has grown from a load 
of about 500,000 kw to more than 2,000,000 
kw during the past 20 years. In this period 
Mr. Wetmore has had general charge of the 
design of the system and its transmission and 
distribution stations and electrical facilities 
in its power plants. He has had great re- 
sponsibility in the selection of proper equip- 
ment and its application to effect an ade- 
quate system of high reliability. As a mem- 
ber of and chairman of the Association of 
Edison Illuminating Companies’ Committee 
on Electric Switching and Switchgear he has 
contributed to the development of proper 
national standards for circuit breakers. 
Also as a member of the American Standards 
Association Sectional Committee on Rotating 
Electrical Machinery and chairman of the 
Subcommittee on Synchronous Machinery, 
he has assisted in the development of national 
standards for all types of a-c and d-c electric 
machines, with particular emphasis on syn- 
chronous generators, induction motors, and 
exciters. In his work with The Detroit Edi- 
son Company, Mr. Wetmore participated in 
the early development of metal-enclosed 
segregated phase-switching equipment for 
use in generating station switchhouses and 
major system switching centers. The use of 
metal enclosures was also extended to include 
generator busses and switchgear for distribu- 
tion substations of both the indoor and out- 
door types. Another early development 
with which he was associated was the use of 
tubular and structural shapes for busses and 
connections for high-current applications. 
Both copper and aluminum designs were 
developed for d-c and a-c busses as high as 
11,000 amperes. More recently he has 
directed the engineering and design work in- 
volved in the use of some of the industry’s 
largest generating and transformer units. 
Also, to provide for rapid increases in load 
density, he has participated in the develop- 
ment of major step-down stations located in 
heavily settled urban areas. These stations 
are fed at high voltages by underground 
cables which tend to replace the older lower 
voltage system ties. At the present time he is 
in administrative charge of the planning and 
project engineering department. The activi- 
ties of the department include current expan- 
sion and long-range system development, 
power plant and substation design, equip- 
ment specifications, and line construction 
standardization. He is the author of a 
number of articles which have appeared in 
the technical press on subjects connected with 
power system design. He is also author of a 
section in the “Electrical Engineer’s Hand- 
book.”” Mr. Wetmore served on the Power 
Generation Committee of AIEE (1944—46, 
1950—54) and on the Switchgear Committee 
(1951-54). 
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F. O. Prior (M ’26), executive vice-president 
since 1951 and a director for the past 10 
years of Standard Oil Company (Indiana), 
has been elected president of the company. 
Mr. Prior, a native of Escondido, Calif., 
attended Stanford University. Although he 
was in Stanford’s engineering class of 1918, 
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he was actually graduated in 1919 after re- 
turning from service in World War I. He 
joined Midwest Refining Company as a 
laborer in the Salt Creek field. He was pro- 
moted to electrical and mechanical engineer. 
As such, he had direct supervision of designs 
and construction of the Salt Creek power 
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plant. In 1925 he was made superintendent 
of the company’s electrical department. 
In 1928 he was selected as chief engineer and 
general operating superintendent of Dixie 
Oil Company, with offices at Shreveport, La. 
Soon he was elected a director. In 1929 he 
was elected vice-president in charge of opera- 
tions, and in 1930 he became president. In 
December 1930, Stanolind Oil and Gas 
Company was formed and on January 1, 
1931, it took over Dixie and two other pro- 
ducing subsidiaries of Standard. Mr. Prior 
was made president of the new company, 
with headquarters in Tulsa. Under Mr. 
Prior, Stanolind established a comprehensive 
research program covering exploration, drill- 
ing, production, and petrochemical proc- 
esses. One of its outstanding developments 
was Hydrafrac, the hydraulic forcing open of 
tight oil formations to increase their yields. 
In 1945, Mr. Prior was elected a director 
and vice-president in charge of production 
for the parent company. From 1945 until 
the middle of 1947 he was chairman of the 
boards of Stanolind Oil and Gas Company, 
Stanolind Oil Purchasing Company, and 
Stanolind Pipe Line Company. For one 
year he was both chairman and president of 
the pipe-line company. In 1951 Mr. Prior 
was elected Standard’s executive vice-presi- 
dent. He is a member of the American 
Petroleum Institute, the Transportation As- 
sociation of America, the Mid-Continent 
Oil and Gas Association, and the American 
Institute of Mining and Metallurgical En- 
gineers. Mr. Prior worked on the Institute’s 
General Power Applications Committee 
(1930-31). 


L. L. Fountain (AM ’38, F °51), supervising 
engineer in charge of switchgear applications 
and a-c network calculators; W. M. Leeds 
(AM ’32), manager, circuit breaker develop- 
ment section ; R. E. Friedrich (AM’45, M’51), 
design engineer, circuit breaker engineering 
department; and J. E. Schramek (AM ’38, 
M’45), electrical engineer, Westinghouse Elec- 
tric Corporation, Switchgear Division, East 
Pittsburgh, Pa., have recently been promoted. 
Mr. Fountain was named manager, pro- 
tective-devices engineering department; Dr. 
Leeds, manager, long-range major develop- 
ment engineering; Mr. Friedrich, manager, 
circuit-breaker development section; and 
Mr. Schrameck, manager, compressed-air 
circuit-breaker engineering section. Mr. 
Fountain, in his new position, will be respon- 
sible for the design and development of vari- 
ous types of circuit breakers and network pro- 
tectors. He is a graduate of Carnegie In- 
stitute of Technology and has been a West- 
inghouse employee since 1924. He has been 
credited with 12 patents and is the author of a 
number of technical papers and articles. He 
is a native of Washington, D. C., and has 
served on AIEE’s Relays Committee (1947- 
55). Dr. Leeds will assume responsibility 
for supervising the special development 
switchgear engineering projects for commer- 
cial use 2-5 years in the future. He received 
his bachelor’s degree in electrical engineering 
from Haverford College in 1926, his master’s 
degree from the University of Pittsburgh in 
1930, and his doctorate from the University 
of Pittsburgh in 1945. He is the author of 
18 AIEE papers, including a national prize 
paper in 1943. One of Dr. Leeds’ 55 pat- 
ents resulted in a $5,000 award in 1952. 
In his new position, Mr. Friedrich will head 
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the development of new circuit breakers to 
meet the expanding requirements of indus- 
try. He is a graduate of the University of 
Pittsburgh with a bachelor’s degree in phys- 
ics and engineering in 1940, and obtained 
his master’s degree from the University of 
Pittsburgh in 1953. After a short period 
with Mellon Institute, Mr. Friedrich joined 
Westinghouse in 1940. He is credited with 
more than a dozen patents and is the author 
of several technical papers. He is a native 
of Mount Washington in Pittsburgh. Mr. 
Schrameck will] direct the design, develop- 
ment, and production of compressed-air 
circuit breakers. A native of Oklahoma 
City, he attended grade and high school in 
Mineral Wells, Tex. He received his 
bachelor’s and master’s degrees in electrical 
engineering at the University of Texas. He 
joined the Westinghouse Switchgear Division 
in 1939 and is the author of several technical 
papers. 


G. J. Fiedler (AM °32, M °39), principal 
engineer, controls and instrumentation sec- 
tion, Sverdrup and Parcel, Inc., consulting 
engineers, St. Louis, Mo., has been initiated 
as a professional member of Gamma Theta 
chapter of Eta Kappa Nu Association, elec- 
trical engineering honor society. Mr. Fied- 
ler is a graduate of Kansas State College, 
1926, with a bachelor’s degree in electrical 
engineering. In 1934 he obtained the pro- 
fessional degree of electrical engineer from 
that institution and in 1932 he received the 
master of science degree in electrical en- 
gineering from the University of Kansas. He 
has also done graduate work toward a doc- 
torate in electrical engineering at the Uni- 
versity of Michigan (1941-42). He is a 
member of Sigma Tau, Phi Kappa Phi, 
Institute of Radio Engineers, and the In- 
strument Society of America. He also is a 
registered professional engineer in New 
York and Missouri. 


T. A. Taylor (AM ’30, F 55), chief en- 
gineer, The Pacific Telephone and Tele- 
graph Company, San Francisco, Calif., has 
been appointed assistant general manager of 
the Northern California and Nevada Area 
of The Pacific Telephone and Telegraph 
Company with responsibility for the over-all 
co-ordination of operating and engineering 
matters in the area. For biography of Mr. 
Taylor, see the April issue of Electrical En- 
gineering, pages 353-4. 


Norton Savage (AM °41), on loan to the De- 
troit Edison Company from United En- 
gineers and Constructors, Inc., Philadelphia, 
Pa., for the past 5 years, is now electrical de- 
signer in the design engineering department 
of the Detroit Edison Company. An 
electrical engineering graduate of the City 
College of New York, he is a registered en- 
gineer in New York and Michigan. 


j. L. Hadley (M °42), vice-president and 
technical counsel, The Peerless Electric 
Company, Warren, Ohio, has retired. Mr. 
Hadley graduated from Friends Central 
Academy in Indiana and received his 
bachelor’s degree in electrical engineering 
from Purdue University in 1912. Before 
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and during his attendance at Purdue he 
worked as a lineman and house-wireman for 
a utility company. After graduation he 
was with Fairbanks Morse and Company for 
2 years and with the Remy Electric Company 
for 2 years. During the 39 years with the 
Peerless Electric Company he served as 
electrical engineer, chief engineer, factory 
manager, member of the board of directors, 
and vice-president. He was responsible for 
many developments in the field of special 
application motors and generators. He is a 
registered professional engineer in the State 
of Ohio. 


Donald Berges (M’50), works manager 
Master Electric Company, Dayton, Ohio, 
has been advanced to vice-president in 
charge of manufacturing. Mr. Berges grad- 
uated from Stevens Institute of Technology 
in 1931 with a degree in mechanical engi- 
neering. After graduation, he joined the 
Eclipse Aviation Division of Bendix Aviation 
Corporation in Teterboro, N. J. He became 
chief field engineer there in 1939 with com- 
plete responsibility for all outside sales 
engineering contacts between Eclipse and 
all domestic air-frame manufacturers. In 
1943 he became chief engineer of the Elec- 
trical Division of Borg Warner Corporation’s 
Pesco Products Division. He organized 
personnel, supervised design of a complete 
line of high-performance d-c motors. He 
also specified equipment needed for a 
$60,000 motor development laboratory and 
developed training methods and test pro- 
cedures to permit using help unfamiliar with 
motors in the motor development program. 
In 1950 he was appointed chief engineer 
of the new Pesco Products plant in Bedford, 
Ohio, in charge of research facilities. 


J. T. Persons (M ’45, F °51), retired chief 
engineer of Central Power and Light Com- 
pany, Corpus Christi, Tex., has been named 
‘*Engineer of the Year” by the Nueces Chap- 
ter of the Texas Society of Professional En- 
gineers. He was presented the honor at a 


special Engineers Week banquet. A grad- 
uate of the University of Texas, Mr. Persons 
has spent 44 years in the electrical industry. 
Following his graduation from college, he 
worked for the General Electric Company, 
Des Moines Electric Company, and Texas 
Power and Light Company before joining 
Central Power and Light. He was chief 
engineer for Central Power for 25 years. 
Mr. Persons was also a vice-president and a 
member of the company’s board of directors. 
He retired from active service in 1953. 


R. C. Waldron (M °38), assistant chief 
engineer, The Okonite Company, Passaic, 
N. J., has been appointed manager of en- 
gineering of the company and will supervise 
the activities of the engineering department. 
E. E. MclIlveen (AM ’44) has become as- 
sistant manager of engineering. Mr. Wal- 
dron was named senior engineer in 1954, 
prior to which time he was assistant to the 
chief engineer. He has been associated with 
The Okonite Company since 1928 and has 
been engaged in the development and ap- 
plication of all types of electric cables. He 
received his electrical engineering degree, 
cum laude, in 1928 from Harvard Univer- 
sity. He is a member of Tau Beta Pi and 
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is presently serving on AIEE’s Committee on 
Industrial Power Systems. He is also a 
member of the AIEE Insulated Conductors 
Committee and has served on the Industrial 
Power Systems Committee (1950-55). Mr. 
MclIlveen, previously cable engineer, joined 
The Okonite Company in 1941, before 
which time he had been associated with the 
Ocean Cable Engineers’ Office of the West- 
ern Union Telegraph Company. He has 
been engaged in research and development 
work and in 1954 joined the engineering 
department of Okonite. A graduate of 
Polytechnic Institute of Brooklyn in 1943, 
Mr. Mcllveen received a degree, cum 
laude, in mechanical engineering. He is a 
member of Sigma Xi, The American 
Society of Mechanical Engineers, and of the 
Montclair Society of Engineers. He also 
serves as a member of AIEE’s Insulated 
Conductor Committee. 


J. G. Everhart (AM ’39, F ’51), chief engi- 
neer, Line Material Company’s Transformer 
Division, Zanesville, Ohio, has been named 
plant manager of the company’s fibre prod- 
ucts plant in Sherman, Tex. R. P. Thomp- 
son (AM ’42, M ’51), assistant chief trans- 
former engineer at Zanesville, is now chief 
engineer. Mr. Everhart joined Line Ma- 
terial in 1938 as an inspector at the Zanes- 
ville plant. He served as assistant chief 
inspector, assistant to the chief draftsman, 
cost engineer, development engineer, assist- 
ant chief engineer, and in 1948 chief engineer 
of the Transformer Division. He earned his 
electrical engineering degree from Pennsyl- 
vania State University. He is a registered 
professional engineer in Ohio, a member of 
the American Management Association, and 
the American Institute of Management. He 
is also a member of Eta Kappa Nu, Tau Beta 
Pi, and Sigma Tau, honorary engineering 
societies. Mr. Thompson joined Line Ma- 
terial in 1941 as a member of the inspection 
department. He was later transferred to the 
electrical design section and was promoted to 
chief electrical design engineer in 1945 and 
served in that capacity until 1949. In 1940, 
he was graduated from Ohio State Univer- 
sity with an electrical engineering degree. 
He is a registered professional engineer in 
Ohio. 


H. L. Peek (AM ’37, M ’46), development 
design engineer, development engineering 
group, Boston (Mass.) Works, Allis-Chalmers 
Manufacturing Company, has been pro- 
moted to engineer-in-charge of the develop- 
ment group. Mr. Peek joined Allis-Chal- 
mers in 1946. 


D. B. Kendall, Sr. (AM ’52), senior elec- 
trical engineer, Toledo (Ohio) Scale Com- 
pany, has been appointed manager of the 
development engineering department at 
Toledo Scale. He is now responsible for all 
design, development, field testing, and pro- 
duction activities of the Engineering Divi- 
sion. Mr. Kendall has been with the Engi- 
neering Division since 1933. 


W. E. Doughty, Jr. (AM °41, M 754), assist- 
ant general plant supervisor, plant depart- 
ment, Home Telephone and Telegraph Com- 
pany, Fort Wayne, Ind., has been promoted 
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to equipment engineer. He is responsible for 
all radio and electronic equipment used by 
the company. He was born in Detroit, 
Mich., 1916, and has a bachelor of science 
degree in electrical and radio engineering 
from Tri-State College. He joined Home 
Telephone and Telegraph Company after 
graduation from college. During World 
War II he served with the U. S. Navy. Be- 
sides the AIEE, he is a member of the Fort 
Wayne Engineers’ Club. 


R. W. Hutchinson (AM °42), Eastern 
Division manager, Pacific Electric Manu- 
facturing Corporation, Chicago, IIl., has 
been appointed product sales manager for 
the company’s Pacific Switchgear Division. 
Mr. Hutchinson will supervise the promotion 
and execution of the division’s sales policies. 
His offices will be at San Francisco, Calif., 
where Federal Pacific maintains its Western 
headquarters. Mr. Hutchinson has been a 
member of the Federal Pacific organization 
for a number of years; since 1946 with 
Pacific Electric Manufacturing Corpora- 
tion, and subsequently, when Pacific was 
acquired by Federal Electric Products Com- 
pany in 1953, with the merged company. 
Before joining Pacific, he was a sales engineer 
with Westinghouse. Following his gradu- 
ation from the University of Washington, 
where he received a bachelor of science de- 
gree cum laude in electrical engineering, 
Mr. Hutchinson studied for 2 years with 
the Westinghouse graduate student training 
course. During World War II he spent 
6 years in the U. S. Navy. He is a member 
of Tau Beta Pi honorary fraternity. 


R. H. Olson (AM ’52), co-ordinator of 
National Bureau of Standards missile fuse 
projects and project leader for special mili- 
tary development tasks, Motorola, Inc., has 
been appointed director of engineering in the 
Communications and Electronics Division 
of Motorola. In this capacity he will direct 
the technical activity of the division’s in- 
dustrial products department. He is now 
in charge of engineering co-ordination for 
industrial products and nonmilitary research 
and development efforts. Mr. Olson has 
been with Motorola since 1951, when he 
joined the company’s Phoenix Research 
Laboratory as an engineering section leader. 
A native of Mitchell County, Iowa, he re- 
ceived his electrical engineering degree from 
Iowa State College in 1934 and immediately 
began a 13-year association with Collins 
Radio Company. Later he operated his 
own manufacturing and consulting firm be- 
fore joining Motorola. His most recent 
work has been with subminiature missile 
electronic fuses. 


L. A. Finzi (AM ’40, M °49), professor of 
electrical engineering, Carnegie Institute of 
Technology, Pittsburgh, Pa., has been 
named to succeed B. R. Teare, Jr., (AM 
°29, F ’42), dean of engineering and science, 
as Buhl professor. The professorial chair 
was established in 1943 by the Buhl Founda- 
tion as a development of the graduate pro- 
gram in electrical engineering which the 
foundation established in 1939. The Buhl 
program was inaugurated to answer a need 
in modern technology, the combination 
engineer-scientist. Dr. Teare, who came 
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from Yale University to inaugurate and di- 
rect the new graduate program, became first 
incumbent of the Buhl chair. In 1944, he 
became head of the department of electrical 
engineering. He was appointed dean of 
graduate studies in 1950 and in 1953, he be- 
came dean of the college of engineering and 
science. The weight of these responsibili- 
ties has caused him to relinquish the Buhl 
professorship. The new Buhl professor, 
Dr. L. A. Finzi, was born in Italy. He 
received his doctorate from the Institute of 
Technology of Aachan, Germany, in 1932. 
In 1938 he became head of the electrical 
impulse Jaboratory at the Westinghouse East 
Pittsburgh plant. In 1946 he joined the 
Carnegie Institute of Technology’s faculty. 
He was recipient of one of this year’s teaching 
awards at Carnegie. As Buhl professor he 
will work to develop research leadership in 
the graduate electrical engineering program. 
Dr. Finzi served on the Basic Sciences 
(1949-53) and Magnetic Amplifiers Com- 
mittees (1951-55). Mr. Teare served on 
the following committees: Communication 
(1934-36), Electrical Machinery (1937-42), 
Education (1941-55, chairman 1948-50), 
Professional Group, Co-ordinating Com- 
mittee (1948-49), Technical Program (1948- 
50), Publication (1948-50), Edison Medal 
(1951-56). 


C. H. Black (AM °41, M ’45) general man- 
ager of General Electric Company’s meter 
and instrument department, has been ap- 
pointed general manager of the Construction 
Materials Division. Mr. Black, a native of 
Baltimore, Md., joined General Electric in 
Schenectady in 1924 as a student engineer on 
the test program. He was graduated that 
year from Johns Hopkins University with a 
bachelor’s degree in electrical engineering. 
Following various assignments in the switch- 
gear department, he was transferred to 
Philadelphia where he served as an applica- 
tion engineer on switchgear equipment. In 
1942 he was transferred to the company’s 
Trenton, N. J., switchgear plant. He re- 
turned to Philadelphia in 1944 and in 1948 
was named manager of engineering for the 
Construction Materials Division at Bridge- 
port, Conn. In October, 1951, he was 
named genera] manager of the meter and 
instrument department at Lynn, Mass., his 
most recent position. He has served on 
AIEE’s Protective Devices Committee (1944— 
45) and the Switchgear Committee (1947- 
48). 


M. P. Getting, Jr. (AM °37, M °49), as- 
sistant to the works manager at Allis-Chal- 
mers Pittsburgh (Pa.) Works, has been ap- 
pointed assistant to the general manager. 
Getting’s successor is George Shombert, 
Jr. (AM 7°39, M 748), assistant superintend- 
ent of the electrical test department since 
1949. Mr. Getting joined Allis-Chalmers in 
1927 as an undergraduate apprentice while 
attending the University of Pittsburgh where 
he received his electrical engineering degree. 
He advanced from a tester to inspector, 
superintendent of the test department, and 
assistant to the works manager. He has 
been active in AIEE, the American Society 
for Testing Materials, and the American 
Industrial Radium and X-Ray Society. 
Mr. Shombert joined Allis-Chalmers in 
1937 as a test department helper. He is an 
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electrical engineering graduate of Carnegie 
Institute of Technology. His affiliations 
have included AIEE and the American 
Society for Metals. He has served AIEE’s 
Public Relations Committee (1947-50). 


E. S. Sherrard (AM ’50), project engineer, 
aircraft electrical systems research, Naval 
Research Laboratory, Washington, D. C., 
has joined the staff of the National Bureau of 
Standards, where he will conduct research on 
analogue computing systems for the simula- 
tion of jet engines and jet engine control 
systems. From 1944 to 1951, Mr. Sherrard 
was with General Electric Company as an 
application and development engineer in the 
fields of servomechanisms, electric ma- 
chinery, and aircraft electric systems. He 
was born in New Orleans, La., in 1922. He 
obtained his degree in electrical engineering 
from Tulane University. 


OBITUARIES eeee 


Stetfan Tanabe (M’50), Local Honorary 
Secretary for AIEE in Japan, died April 11. 
He was consultant for the Tokyo-Shibaura 
Electric Company, Ltd., in Tokyo. Mr. 
Tanabe was very conscientious as Honorary 
Secretary, handling AIEE membership ap- 
plications for his country. As long ago as 
1929 he was taking active part in Institute 
affairs and attended the World Engineering 
Congress in Tokyo that year. He joined 
AIEE in 1915 as an Associate Member and 
became a full Member in 1927. During 
World War II he found it impossible to 
continue his membership, but in 1950 re- 
joined. When he originally joined, he was 
working at the General Electric Company’s 
Standardizing Laboratory in Schenectady, 
N. Y., as a research and experimental 
engineer in magnetics. (This Laboratory 
became the General Engineering Labora- 
tory.) He attended the University of 
Illinois to obtain a degree and then returned 
to the General Electric Company. He 
then joined the Tokyo Electric Company, 
Kawasaki, Japan, as meter design engineer. 
For a short time he was at General Electric’s 
Lynn Works as engineer-representative of 
the Tokyo Electric Company under a meter 
contract. He was also chief of an experi- 
mental testing room for electric instruments 
and electric precision appliances in the 
Engineering Division of this company which 
later became the Tokyo-Shibaura Electric 
Company. From 1936-41 he was a member 
of the board of directors of Special Alloy 
Company, Ltd. From 1943-46 he was first 
chief of the Engineering Division and then 
acting director controlling all important 
electrical materials. In December of 1945 
he became manager and later consultant of 
the Production Division of Saito Industrial 
Company, manufacturers of electrical ma- 
terials. In 1947 he was appointed con- 
sultant to the Yokohama Chamber of 
Commerce and Industry, as well as its 
branch, the Yokohama Foreign Trade 
Institute, dealing with machines and appa- 
ratus for exporting. Prior to World War II 
he had been a member of the Physical 
Society. 
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Warren B. Sanford (AM’04, M’30, Member 
for Life), retired plant manager, Bell Tele- 
phone Laboratories, Inc., died April 27. 
Mr. Sanford had retired from Bell Labora- 
tories in 1935 after more than 31 years of 
active service. He was born in North 
Adams, Mass., September 22, 1878, and 
attended North Adams’ public schools. 
He graduated from Cornell University in 
June 1901 and was elected to Sigma Xi. 
After graduation from Cornell, he joined the 
Western Electric Company’s factory engi- 
neering department. From 1903-05 he was 
with the United Telpherage Company until 
it was absorbed by Dodge Coal Storage 
Company. In 1905 he rejoined Western 
Electric which was later separated as Bell 
Telephone Laboratories. He was appointed 
factory engineer in 1909, in charge of plant 
operation and construction. In 1913 he was 
given supervision of the shop departments 
and was transferred to the general purchasing 
department in 1915. During World War 1 
he superintended the manufacture of vacuum 
tubes for government use, and after that 
superintended practically all physical altera- 
tions in the laboratories’ building. In 
1935 he was pensioned at his own request. 
His other society affiliations included: 
American Society of Mechanical Engineers, 
New York Electrical Society, and _ the 
Telephone Pioneers of America. 
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Recommended for Transfer 


The Board of Examiners at its meeting of May 19, 
1955, recommended the following members for transfer 
to the grade of membership indicated. Any objections 
to these transfers should be filed at once with the Secre- 
tary of the Institute. A statement of valid reasons for 
such objections, signed by a member, must be furnished 
and will be treated as confidential. 


To Grade of Member 


Applegate, J. A., asst. process engineer, Silas Mason 
Co., Burlington, lowa 

Armstrong, T. W., Jr., research engineer, Boeing Air- 
plane Co., Seattle, Wash. 

Bean, J. W., relay & control engineer, American Gas 
& Electric Service Corp., New York, N. Y. 

Bicle, R. J., manager-engineering, General Electric Co., 
Syracuse, # 

Blackston, L. B., supervisor, distribution planning dept., 
Houston Lighting & Power Co., Houston, Tex. 
Blaiklock, W. J., sales engineer, General Electric Co., 

New Haven, Conn. 

Blankenbeker, E. L., electrical engineer, Heyl & Patter- 
son, Inc., Pittsburgh, Pa. 

Botts, J. C., insulation development engineer, Westing- 

house Electric Corp., East Pittsburgh, Pa. 

Bovenizer, W. N., design engineer, Line Material Co., 
Zanesville, Ohio 

Brands, W. H., engineer, Philadelphia Electric Co., 
Philadelphia, Pa. 

Carp, G., executive manager, Carp Development 
Laboratory, South Norwalk, Conn. 

Dalasta, D., general engineer, switchgear dept., Allis- 
Chalmers Mfg. Co., West Allis, Wis. 

Davis, J. W., outside plant engineer, Southern Bell Tel. 
& Tel. Co., Atlanta, Ga. 

DelInza, C., assistant chief engineer, RENFE, Madrid, 

Spain 

Dewing, W. G., Jr., design & development engineer, 
General Electric Co., Pittsfield, Mass. 

Dodson, G. C., Jr., supervisor engineering laboratory, 
General Electric Co., Schenectady, N.Y. 

Erlebach, G. B., electrical engineer, Cemco Electrical 
Manufacturing Co., Ltd., Vancouver, B.C., 
Canada 

Frost, S. C., Jr., engineer, Southwestern Bell Telephone 
Co., Dallas, Tex. 

Gohry, H. A., district engineer, Southwestern Bell 
Tele hone Co., Dallas, Tex. 

Gordon, K. E., assistant engineer, New England Power 
Service Co., Lawrence, Mass. 

Henning, R. A., senior group engineer, Boeing Airplane 
Co., Seattle, Wash. 

Henry, E. N., engineering section manager, Westing- 
house Electric Corp., Sharon, Pa. 

Hidy, J. W., equipment engineer, Mountain States 
Tel. & Tel. Co., Denver, Colo. 
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Hodgman, N. G., assistant vice-president, New England 
‘ower Co., Boston, Mass. 

Husbands, L. D., field service electrical engineer, 
Westinghouse Electric Corp., Charlotte, N.C. 

Jamison, G. B., regional manager, Crouse-Hinds Co., 
Houston, Tex. 

Kelly, R. E., senior engineer, Westinghouse Electric 

Corp., East Pittsburgh, Pa. 

Kunes, p J., design engineer, Westinghouse Electric 
Corp., Sharon, Pa. 

Lamb, F. J., field planning engineer, Detroit Edison 
Co., Detroit, Mich. 

Laton, B. C., electrical engineer, U. S. Bureau of Rec- 
lamation, Sacramento, Calif. 

Leahy, J. J., Jr., electrical engineer, Chas. T. Main, 
Ag Boston, Mass. 

Leh, M. C., Jr., utilities engineer, Safeway Stores, Inc., 
San Francisco, Calif. 

Leland, R. W., staff engineer, Delco Products Div., 
General Motors Corp., Dayton, Ohio 

Levitsky, F. J., asst. engineer, central laboratory, New 
England Power Service Co., Worcester, Mass 

Lichstein, M., supervisor, United Engineers & Con- 
structors, Inc., Philadelphia, Pa. 

Litrides, S. J., project engineer, Pennsylvania Power 
& Light Co., Allentown, Pa. 

Lunn, E. O., consulting engineer, Vancouver, B.C., 
Canada 

Lynch, E. D., Jr., application engineer, Westinghouse 
Electric Corp., Hartford, Conn. ' 

Mack, D. R., supervisor, electric machine pesiece. 
turbine laboratory, General Electric Co., Schenec- 
tady, N.Y. 

Maddock, R. B., product planning & marketing research 
specialist, General Electric Co., Schenectady, N.Y 

Mann, C., district engineer & service manager, Westing- 
house Electric Corp., Cleveland, Ohio ‘ 

McCahan, A. J., asst. head, testing & standards section, 
Boston Edison Co., Boston, Mass. é 

McKee, H. W., supervisory electrical engineer, U.S 
Naval Ordnance Laboratory, Silver Spring, Md. 

Messer, G. E., manager, Apparatus Sales Div., General 
Electric Co., Kansas City, Mo. 

Moore, R. K., electrical engineer, The Scranton Electric 
Co., Scranton, Pa. 

Morgan, K. H., engineer, Southern Bell Tel. & Tel. Co., 

ogalusa, La 

Morrison, A. C., superintendent, meter dept., Duke 
Power Co., Charlotte, N.C. 

Morton, R. K.., electrical engineer associate, Water & 
Power Dept., City of Los Angeles, Calif. : 

Murrish, C. H., asst. professor of electrical engineering, 
Clarkson College of Technology, Potsdam, N.Y. 

Myers, D. K., electrical engineer, F. R. Martin, con- 
sulting engineers, St. Louis, Mo. " 

Nayar, G. G. P., general manager, The Aluminum 
Industries, Ltd., Kundara, Travancore, India 

Noodleman, S., manager, Electric Division, Standard 

Dayton Corp., Dayton, Ohio 

Oliver, W. H., division plant supervisor, long lines dept., 
American Tel. & Tel. Co., St. Louis, Mo. 

Phelps, H. B., sapinee, Niagara Mohawk Power Corp., 
Albany, N.Y. 

Price, M. K., development engineer, Eastern Power 
Devices, Toronto, Ont., Canada : 5 

Robertson, T. O., senior design engineer, Boeing Air- 
plane Co., Seattle, Wash. 

Ryan, W. J., senior electrical engineer, Kelso Burnett 

' Electric Co. & Associates, Louisville, Ky. 

Spencer, J. manager-laboratory, meter dept., 
General Electric Co., Somersworth, N.H. ; 

Stawicki, S. W., supt., Fluorescent Division, Champion 
Lamp Works, Lynn, Mass. 

Storaasli, B. A., electrical engineer, Allis-Chalmers Mfg. 
Co., Milwaukee, Wis. 

Tamis, G. A., senior product engineer, Champion Lamp 
Works, Lynn, Mass. 

Terry, W. M., Jr., asst. chief engineer, Allis-Chalmers 
Mfg. Co., Pittsburgh, Pa. ( ; 

Throop, G. D., design engineer, Westinghouse Electric 
Corp., Sharon, Pa. 

Tuttle, P. D., research engineer, Aluminum Co. of 
America, Massena, N. : 

West, H. J., generating station engineer, Pennsylvania 
Power & Light Co., Allentown, Pa. : F 

Zahour, R. L., manager, illuminating engineering 
section, Westinghouse Electric Corp., Bloomfield, 
N. J 


66 to grade of Member 


Applications for Election 


Applications for admission or re-election to Institute 
membership, in the grade of Member, have been received 
from the following candidates, and any member object- 
ing to election should supply a signed statement to 
the Secretary before July 25, 1955, or September 25, 
1955, if the applicant resides outside of the United 
States, Canada, or Mexico. 


To Grade of Member 


Bird, J. F., A. Reyrolle & Co. Ltd., Salisbury, Southern 
Rhodesia, Africa 

Donworth, R. B., Duquesne Light Co., Pittsburgh, Pa. 

Fairchild, F. P., Public Service Electric & Gas Co., 
Newark, N. J. 

Konstantinowsky, K., Standard Telephones & Cables 
Ltd., London, England 

Marlowe, D. E., U. S. Naval Ordnance Laboratory, 
Silver Spring, Md. 

Speirs, R., Dorman & Smith Ltd., London, England 


6 to grade of Member 
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OF CURRENT INTEREST 


New G-E Dual-Cycle Boiling Reactor 
Will Power Largest All-Nuclear Station 


DESIGN of a new atomic power reactor, 
described as a “‘major advance toward the 
economic generation of electricity from 
atomic energy,” was announced recently by 
Francis K. McCune, General Electric 
Company vice-president and general mana- 
ger of the company’s Atomic Products 
Division. 

Mr. McCune said that one of these new 
dual-cycle boiling reactors will power the 
proposed full-scale nuclear electric generat- 
ing station that the company will construct, 
subject to Atomic Energy Commission 
approval of the project, for the Common- 
wealth Edison Company near Chicago, 
Ill. 

Plans for the plant set the generating 
capacity at 180,000 kw, the largest all- 
nuclear station yet scheduled. The plant 
will be located on a 750-acre site near the 
confluence of the Kankakee and Des Plaines 
rivers in Grundy County, IIl., and will be 
owned and operated by the Commonwealth 
Edison Company. 

The new power reactor design will be 
able to produce several times as much power 
in a given size as its predecessor, the direct 
boiling reactor. The General Electric dual- 
cycle boiling reactor is a type expected to 
achieve competitive generating costs with 
ordinary steam power plants in succeeding 
models. 

The reactor was described as capable of 
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DUAL-CYCLE BOILING REACTOR details are shown in the drawing 
Water circulates up from bottom of main pressure vessel 


above. 


through reactor core and is converted into steam. 
furnishes additional steam to turbine-generator and water at 
At right is an artist's 
conception of how the 180,000-kw dual-cycle reactor might look 
when coupled to a turbine-generator for production of power for 
Water is boiled directly inside atomic 
reactor, right of picture, to produce steam that drives turbine- 
generator at upper left. Control panel for dual-cycle reactor is 
The new reactor will be used to 
power a proposed nuclear electric generating station. 


temperatures well below boiling to reactor. 


home and _ industries. 


at lower left of the illustration. 
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being used without heat exchangers by 
generating steam directly inside the reactor 
core, thus eliminating the need for high 
operating pressures and temperatures used 
in liquid-water-cooled power reactors. 

The proposed Illinois station will be 
sponsored by the Nuclear Power Group, 
Inc., and will be financed completely with 
private funds. Sponsoring companies are: 
American Gas and Electric Service Cor- 
poration, Bechtel Corporation, Common- 
wealth Edison Company, Pacific Gas and 
Electric Company, Union Electric Company 
of Missouri, Central Illinois Light Company, 
Illinois Power Company. 

The original concept of the direct-boiling 
reactor, pioneered at the Atomic Energy 
Commission’s Argonne National Laboratory 
by Dr. W. H. Zinn and associates, was 
adapted by General Electric for use in a 
large power station. In doing so, ways 
have been found to multiply the output 
of such reactors, permitting their application 
to large power plants on a commercial 
scale. 

The inherent safety of the direct boiling 
reactor has been retained in the dual-cycle 
design, and at the same time stability with 
relation to load has been vastly improved. 
When increased load demands are made on 
the direct-boiling reactor, output tends to be 
reduced just at that point when power is 
needed most. 


Flash tank 


Of Current Interest 






General Electric engineers introduced a 
“flash tank” system into the new reactor 
which controls steam formation by feeding 
cooler water into the entrance of the reactor 
as load demands increase. This maintains 
the delicate balance of the chain reaction in 
such a way that the reactor automatically 
delivers more power to supply the load 
increase. The dual-cycle reactor in effect, 
accommodates itself to the demands of the 
power system without requiring changes in 
reactor controls. Steam is provided to the 
turbine at two pressures; for example, 600 
pounds per square inch from the reactor 
vessel for the first turbine stages, and 350 
pounds from the “‘flash tanks’”’ for immediate 
stages. 

In contrast, nonboiling reactors cooled 
by high-temperature high-pressure water 
would have to operate under a pressure of 
approximately 2,000 pounds in order to 
generate steam at 500 pounds for use in the 
turbine. 

The dual-cycle reactor also has the fol- 
lowing advantages: (1) primary loop pres- 
sure essentially the same as turbine pressure; 
(2) good thermal efficiency for a given 
reactor temperature; (3) exceptionally high 
degree of inherent safety due to boiling in 
the reactor; (4) flexibility of operation to 
meet power demand changes without de- 
lay; (5) self-stabilizing power level to match 
load variations. 








The 60-inch searchlight 
used to control air traffic 
at LaGuardia Airport 


Sky Highway “Traffic Light” Utilizes 
One of World’s Brightest Searchlights 


A SKYWAY “TRAFFIC LIGHT” that 
directs departing planes over a more sparsely 
settled take-off route has been installed near 
busy La Guardia Airport in Queens, N.Y., 
in an effort to minimize the noise near 
heavily populated areas. Operated by the 
Civil Aeronautics Administration, the beacon 
is sent skyward by one of the most powerful 
A 2,500-watt short- 
arc mercury lamp developed by the Westing- 
house Electric Corporation produces a shaft 
of light of some 300-million-beam candle- 
equivalent in light intensity to 
approximately 10,000 automobile headlights. 

An unusual aspect of the aerial beacon is 
that pilots do not actually see the light itself, 
but instead depend on the high-intensity 
light flux of the beam to be reflected from 
moisture and dust particles in the air. The 
visible column rises skyward approximately 
3 miles beyond the end of the runway and is 
tilted toward the airport at about 30 degrees 
from a vertical position. As planes take off, 
they fly directly toward the beam and are 
led down Flushing Meadow away from the 
residential areas on either side, greatly 
reducing the noise nuisance. 

The light was purchased and installed by 
the National Air Transport Co-ordinating 
Committee (NATCC). Headed by Cap- 
tain E. V. Rickenbacker, the NATCC is 
conducting a voluntary aircraft noise- 
abatement program in the vicinity of the 
major New York—New Jersey air terminals. 
Vice-Admiral C. E. Rosendahl, U. S. Navy 
(retired), NATCC executive director, said 
the plan for using the beacon as a noise- 
abatement aid was developed by the NATCC 
technical committee, comprised of the Civil 
Aeronautics Administration, the Air Line 


searchlights ever built. 


power, 
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Pilots Association, The Port of New York 
Authority, and Air Transport Association 
representatives. 

This type of mercury lamp, originally 
developed for Navy searchlights, does a good 
job because of its high intensity and the fact 
that it can be operated unattended. The 
mercury arc, burning between tungsten 
electrodes spaced only 3/8 inch apart, is a 
clean flame, and the lamp is completely 
enclosed and hermetically sealed in a quartz 
bulb. Remote control operation from the 
La Guardia control tower makes it possible to 
light the beacon only when the runway is in 
use at night. 

The searchlight itself is a 60-inch unit 
formerly used by the Army in connection 
with antiaircraft gun emplacements. Re- 
moved from its wheels, it is mounted on a 
permanent concrete foundation and sur- 
rounded by a high wire fence. 


Sloan Foundation Sets Up Fund 
to Aid Basic Scientific Research 


The Alfred P. Sloan Foundation, Inc., 
announced recently the setting up of a 
specific fund of $5,000,000, both the principal 
and income of which are to be devoted to 
promoting basic research in the physical 
sciences, that is, biology, chemistry, elec- 
tronics, nuclear energy, etc. 

The fund will be provided by a special 
gift to be made to the Foundation by Mr. 
and Mrs. Alfred P. Sloan, Jr., for this 
specific purpose. 


The trustees of the Foundation are 
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convinced that great need exists to expand 
activities in the area of basic research, 
especially in the physical sciences. They 
feel there are great oportunities for such 
fundamental research. They have come to 
this conclusion as the result of a year’s study 
made by five eminent scientists headed by 
Dr. Roger Adams, research professor of 
chemistry at the University of Illinois. 

There appears to be a unanimity of opinion 
among scientists that, as a country, we are 
lagging behind in basic research and present 
efforts are insufficient adequately to support 
applied research, technological advance, and 
engineering progress so essential to an ex- 
panding economy. 

It also seems to be generally conceded that, 
notwithstanding the great scientific ac- 
complishments of the United States, far too 
great a proportion of basic research in the 
past has emanated from foreign sources. 
We have been remarkable exploiters but not 
particularly good discoverers. 

The trustees of the Foundation recognize 
that while government funds are being 
provided on a large scale—although in 
relatively small measure for basic research— 
the very existence of such funds will enhance 
the opportunity for funds from private 
sources. Such funds will serve as a catalyst 
in elevating standards of performance, in 
providing flexibility for research programs, 
and in giving an opportunity to investigators 
who may be without adequate resources to 
seek out unusual talent and _ neglected 
opportunities. These observations apply 
particularly to physical science. 

To effectuate its research program, the 
Foundation has set up a program committee 
of five scientists actively engaged in basic 
research in the physical sciences. The 
method will be: first to discover areas of 
science in which there are extraordinary 
needs and an opportunity for fundamental 
advance; second, to locate talented scientists 
who can be expected to undertake such 
investigations effectively and who have a 
deep urge to do so; third, to set up optimum 
conditions for their work. 

The committee is headed by Dr. Arthur 
C. Cope, professor of chemistry at Mas- 
sachusetts Institute of Technology. Its 
four other members are: Dr. James Brown 
Fisk, director of research in the physical 
sciences, Bell Telephone Laboratories, Inc. ; 
Dr. K. S. Pitzer, head of the department of 
chemistry, University of California; Dr. 
Frederick Seitz, head of the department of 
physics, University of Illinois; and Dr. A. W. 
Tucker, head of the department of mathe- 
matics, Princeton University. 

Dr. Richard T. Arnold, professor of 
chemistry at the University of Minnesota, 
has been appointed administrator of the 
program. 

The individuals selected as researchers and 
investigators will be associated, for the greater 
part, with American universities and tech- 
nological institutions. 

One plan will be to relieve them, in whole 
or in part, from their academic duties for a 
period of time so that they may devote their 
talents and ambitions to such areas of basic 
research in the physical science as seem to 
offer the greatest promise. 

Another plan of support to be followed 
under the program will be to supply these 
investigators with funds which will make it 
possible for them to appoint predoctoral or 
postdoctoral fellows to participate in basic 
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research with the senior investigator, and 
also to cover the cost of any special services 
or equipment for effective research. 

The four scientists who joined with Dr. 
Adams in the study which led to the decision 
to undertake the research program were: 
Dr. Mervin J. Kelly, president of Bell 


Telephone Laboratories, Inc.; Dr. W. 
Albert Noyes, Jr., head of the department of 
chemistry, University of Rochester; Dr. 
J. A. Stratton, provost and vice-president of 
Massachusetts Institute of Technology; and 
Dr. Robert W. King, formerly assistant to 
the president, Bell Telephone Laboratories. 


Low-Frequency Vibrations of the Heart 
Can Be Detected With Supersensitive Pickup 


FAINT SOUNDS of the heart, which neither 
the human ear nor a physician’s stethoscope 
can hear, now can be seen with a new device 
developed co-operatively by the Medical 
College of South Carolina and General 
Motors Research Laboratories Division. 
These low-frequency vibrations, below the 
range of human hearing, are detected by an 
Electro Stethograph. Medically they are 
reported to be of “potential clinical signifi- 
cance.” 

Dale Groom, M. D., assistant professor of 
medicine at the Medical College of South 
Carolina, proposed the idea for the new 
device. He was aided by Charles F. Ket- 
tering, General Motors research consultant, 
who suggested that part of a General 
Motors Research-developed instrument, the 
Surfagage, might be adaptable to the medical 
job. The Surfagage is used in machine 
shops, manufacturing, and assembly plants 
to measure roughness of such highly ma- 


chined auto parts as gear teeth, clutch facings, 
crankshafts, bearings, and cylinder bores. 

The Stethograph was developed by mat- 
ing part of a stethoscope, the medical pro- 
fession’s traditional listening device for heart 
and chest sounds, with the supersensitive 
pickup of the Surfagage. In essence, this 
combination gives physicians a high-fidelity 
record of the heart’s sounds and vibrations. 
Its sensitivity can be compared with that of 
a seismograph. 

Dr. Groom and John A. Boone, M. D., 
professor of medicine at the Medical College 
of South Carolina, now can see the heart’s 
inaudible sounds either with an oscilloscope 
or a direct-writing device that records wavy 
lines with pen and ink. 

With the engineering job of detecting 
these new ‘‘sounds’”’ accomplished, medical 
researchers believe the low-frequency trac- 
ings or patterns will offer new clues to the 
heart’s behavior. 





ELECTRO STETHOGRAPH, a device developed co-operatively by Dr. Dale Groom 
(center), Medical College of South Carolina, and General Motors Research Laboratories, 


can detect some of the heart's inaudible sounds. 


A sensitive pickup on a patient's chest 


picks up these low-frequency sounds so they can be recorded on a direct-writing device 
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which J. B. Bidwell, General Motors, is checking at the right. 
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They may indicate whether a_ heart 
functions normally or is affected by some 
disease or defect. ‘The problem now is to 
accumulate clinical data to compare or 
contrast with known patterns of normal 
heart action. 

A patient undergoing examination merely 
lies on a foam rubber mattress, which 
absorbs any interference vibrations. The 
Stethograph pickup, approximately the 
diameter of a silver dollar with a small arm 
attached, is placed on the patient’s chest 
and the heart vibrations are observed or 
recorded. 

The principles by which the Stethograph 
and Surfagage operate are similar. The 
Surfagage detects scratches as small as one 
millionth of an inch on surfaces of highly 
machined automotive parts. Its pickup 
consists of a tiny diamond stylus linked with 
a high-sensitivity transducer that transforms 
motion into electric When the 
stylus is moved over unseen “‘peaks and val- 
leys”’ on a metal surface, its 
microscopic up-and-down motion is trans- 
formed into electric signals. The dia- 
phragm head of a stethoscope was attached 
to the Surfagage pickup. 

The human ear can hear sounds ranging 
anywhere from 39 to 15,000 cycles per 
second. Its efficiency, however, is relatively 
poor in the lower part of the range. The 
Stethograph’s hearing range is as low as 1 
cycle per second. Vibrations of that order 
are produced by the heart’s pumping action 
as imparted to the chest wall. In a recent 
report Drs. Groom and Boone said these 
inaudible sounds represent the greater 
portion of the heart’s vibrational energy, 
greater than the portion a physician or- 
dinarily hears by ear through his stethoscope. 

The doctors already have found the 
Electro Stethograph pickup so selective that 
its “‘hearing’”’ is localized. For instance, as 
the pickup is shifted to various zones over 
a patient’s remarkable differences 
appear in the recorded waves. The doctors 
visualize this new device as a supplement to 
other instruments for charting heart action— 
the electrocardiograph and the phono- 
cardiograph. 

One of the advantages of the Stethograph 
is that it is comparatively simple to operate 
and manufacture. It can be made available 
readily to clinics and hospitals and is adapted 
for use with conventional recording equip- 
ment now used by physicians to study heart 
function. 


signals. 


machined 


heart, 


Summer Transistor Symposium 


Offered at University of Michigan 


During the month of July a 4-week 
transistor application symposium will be 
offered at Ann Arbor, Mich., by the elec- 
trical engineering department of the Uni- 
versity of Michigan in co-operation with 
the Bell Telephone Laboratories. This will 
be operated as a part of the regular summer 
session of the University of Michigan, and 
course credit may be obtained, either in the 
Graduate School or the College of En- 
gineering, by students qualified by pre- 
vious training in electric circuit analysis. 
Professor W. G. Dow of the department of 
electrical engineering is symposium director. 

Lectures will treat various aspects of 
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Future Meetings of Other 


Societies 


National Skilled Manpower Training Con- 
ference, sponsored by the Virginia Apprentice- 
ship Council with the assistance of the U. S. De- 
partment of Labor’s Bureau of Apprenticeship. 
July 5-8, 1955, Chamberlin Hotel, Old Point 
Comfort, Va. 


Symposium on Electronics and Automatic 
Production, jointly sponsored by Stanford 
Research Institute and the National Industrial 
Conference Board. August 22-23, 1955, San 


Francisco, Calif. 


Western Electronic Show and Convention. 
August 24-26, 1955, Civic Auditorium, San 
Francisco, Calif. 


Instrument Society of America, Conference, 
“Instrumentation Paces Automation.” Sep- 
tember 12-16, 1955, Shrine Auditorium, Los 
Angeles, Calif. 


Illuminating Engineering Society, National 
Technical Conference. September 12-16, 
1955, Statler Hotel, Cleveland, Ohio 


Association for Computing Machinery, Annual 
Meeting. September 14-16, 1955, University 
of Pennsylvania, Philadelphia, Pa. 


Radio-Electronics-Television Manufacturers 
Association, Automation Symposium. Sep- 
tember 26-27, 1955, Irvine Auditorium, Uni- 
versity of Pennsylvania, Philadelphia, Pa. 


Atomic Industrial Forum, Trade Fair and Fall 
Meeting. September 26-30, 1955, Sheraton- 
Park Hotel, Washington, D. C. 


Société Belge des Ingenieurs des Telecom- 
munications et d’E£lectronique, International 
Analogy Computation Meeting. September 
27-October 1, 1955, Brussels, Belgium 


National Electronics Conference,Inc. October 
3-5, 1955, Hotel Sherman, Chicago, III, 


Canadian Electrical Manufacturers Associ- 
ation, 11th Annual Meeting. October 5-7, 
1955, Sheraton-Brock Hotel, Niagara Falls, 
Ont., Canada 


Electrochemical Society, Inc. October 9-13, 
1955, William Penn Hotel, Pittsburgh, Pa. 


National Safety Council, 43d National Safety 
Congress and Exposition. October 17-21, 
1955, Conrad-Hilton Hotel, Chicago, Iil. 


Steel Founders’ Society of America, Fall Meet- 
ing. October 24-25, 1955, The Greenbrier, 
White Sulphur Springs, W. Va. 


American Standards Association, 37th Annual 
Meeting in conjunction with 6th National Con- 
ference on Standards sponsored jointly by ASA 
and the National Bureau of Standards. Octo- 
ber 24-26, 1955, Sheraton Park Hotel, Wash- 
ington, D.C. 


Pennsylvania Electric Association, Fall Meet- 
ing of Electrical Equipment Committee. Octo- 
ber 27-28, 1955, Hotel New Yorker, New 
York, N. Y. 


National Conference on Industrial Hydraulics, 
11th Annual Meeting. October 27-28, 1955, 
LaSalle Hotel, Chicago, Ill. 


Institute of Radio Engineers, East Coast Con- 
ference on Aeronautical and Navigational Elec- 
tronics. October 31-November 1, 1955, Lord 
Baltimore Hotel, Baltimore, Md. 








transistor circuit applications, with ‘‘prob- 
lem laboratory’’ sessions paralleling the 
lecture presentations. In these sessions the 
lecture material will be worked into il- 
lustrative engineering problems. 

The general instructional objective of 
the symposium is to provide an opportunity 
for indoctrination in and illustrative em- 
ployment of transistor circuit application 
principles. The program should be of 
interest to the following: electrical engineers 
engaged in electronic circuit design, devel- 
opment, and research, in government, 
industrial, and university laboratories; teach- 
ers and prospective teachers of electronics 
in colleges and universities; and graduate 
students interested in electronics. 

The problem laboratory arrangement 
makes it possible to invite visiting lecturers 
to discuss various aspects of the problem in 
which they are uniquely qualified, without 
making them responsible for the problem 
and examination work of individual students. 
This permits using in combination the max- 
imum capability of the visiting lecturer and 
at the same time the experience and the 
continuity in instruction provided by the 
teaching staff in residence at the university. 

The instruction is essentially on the grad- 
uate level, the work being conducted for the 
benefit of men who already have a sound 
basic knowledge of electric circuit theory, 
gained either through formal course work or 
informally as an outgrowth of engineering 
research or teaching experience. Famil- 
iarity with and skill in using the basic the- 
orems, in loop and nodal analysis, and in 
equivalent circuit manipulation, is assumed. 

Material is organized into two courses: 
‘Fundamental Physical Property of Tran- 
sistors, and Pulse and Switching Applica- 
tions’; and “Transistor Circuit Principles, 
and Application for Continuous Operation 
Service.”’ s 

In the first course there are incorporated 
lectures dealing with the fundamentals of 
transistor operation and_ structure, with 
transistors as used for pulse functions (both 


junction and point-contact types ), and lectures 


dealing with ratings, reliability, reproduc- 
ibility, and future prospects for new devices. 
In the second course the treatment starts by 
introducing transistor circuit characteristics, 
continues with the small signal principles 
and applicational circuit design problems 
employing them, then proceeds to applica- 
tional and circuit design problems involving 
large signal continuous operation. At the 
end there is a review and integration of 
linear and pulse techniques. 


Rain Produced in Pakistan 
by Seeding the Air With Salt 


By blowing tiny salt particles into the air, 
in imitation of the evaporation of sea spray, 
scientists have succeeded in producing rain 
in Pakistan where the climate is too warm for 
the usual rain-making methods which utilize 
chemically produced snow. 

Three years ago Pakistan had appealed 
to the United Nations Educational, Scientific 
and Cultural Organization (UNESCO) for 
a scientific mission to help solve the problem 
of drought. A UNESCO technical assistant, 
the British physicist Dr. E. M. Fournier 
d’Albe, and the Pakistan meteorologists 
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with whom he worked realized that tech- 
niques used elsewhere could not be used in 
Pakistan. In colder climates, rain falls when 
the water in the clouds freezes and gets too 
heavy so rain-makers in those. countries 
“‘seed”’ the tops of the clouds with chemicals 
and help produce snow in them. However, 
as Pakistan is too warm a country for this, it 
was necessary to find out how rain in warm 
countries is formed in the first place, and 
then to see whether the method might be 
imitated artificially. 

The scientists suspected that rain in warm 
climates is formed on the tiny salt particles 
that come from the evaporation of sea spray. 
For 2 years, they took samples of the air in 
various parts of Pakistan to determine its 
sea-salt content. Near the sea coast, they 
noted, there were always thousands of salt 
particles in each cubic meter of air, but 
further inland, in the drought-frequented 
Punjab, there were far fewer—usually fewer 
than 10 per cubic meter. 

Sealed tins of finely ground salt then were 
taken to wherever rain was needed, and the 
salt was simply blown into the air from the 
ground, or from the roofs of buildings. 
Small hand-blowers were used for this, and 
it was found that salt could be put into the 
air at the rate of a pound a minute. The 
whole apparatus for each rain-making sta- 
tion cost less than $30, and it was all made 
locally in Pakistan. 

Last year Dr. d’Albe and his team made a 
test. For 2 months they seeded the air with 
the salt in two regions in the Punjab. An 
analysis of the daily reports from the coun- 
try’s rain gauges showed that the rainfall 
pattern was quite abnormal. In both test 
areas rainfall was 50 per cent higher than in 
neighboring regions, and a search of the 
records indicated that there had not been 
a similar occurrence in the last 40 years. 

The scattering of the salt particles evi- 
dently had helped to produce a heavier rain- 
fall. Pakistan now will be able to use this 
inexpensive and simple method regularly 
over a wide area, and so try to improve life 
for the harassed farmers of its dry regions. 


77-Year-Old Dynamo Runs Again 
at Cornell Dedication of EE Unit 


A dynamo which provided current for the 
first permanent outdoor electric lighting 
system in the United States ran again at 
Cornell University on June 11 for the 
dedication of Phillips Hall, the new class- 
room-laboratory center for the university’s 
School of Electrical Engineering. 

Ellis L. Phillips of Plandome, L.I., a 
Cornellian of the class of 1895 and founder 
of the Long Island Lighting Company, 
presented the building as a feature of 
Cornell’s reunion-graduation weekend. The 
$1,650,000 structure is the third unit in a 
new quadrangle being created for the 
College of Engineering. 

The Cornell-built dynamo gave the 
campus outdoor lights in 1878, well before 
their introduction in the great cities of the 
world. Just 3 years before, in 1875, Z. T. 
Gramme had brought out his famous 
dynamo in Paris. As soon as a description 
of it reached the United States, Professor 
William A. Anthony of the Cornell faculty 
and George S. Moler, a senior, undertook to 
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build a similar machine. Soon completed, 
the Cornell dynamo was exhibited at the 
Centennial Exposition in Philadelphia in 
1876. Outdoor lighting of the campus 
began 2 years later and arc lights gave 
sputtering illumination from the tower of 
McGraw Hall and from the steeple of the 
original chapel. 

The machine had a capacity of 20 amperes 
at 150 volts. It operated the campus lights 
for about 10 years, then was used for a time 
to furnish current for laboratory purposes. 
Successive members of the faculty have 
kept it in running condition since. 

Mr. Phillips saw the dynamo in operation 
as an undergraduate, and its use at the 
dedication, against the backdrop of a modern 
electrical engineering building equipped 
with the latest in electronic devices, dram- 
atizes the long strides electrical engineering 
has taken. In the new engineering center, 
there are individual laboratories for work in 
electronics, communications, illumination, 
power, servomechanisms, machinery, meas- 
urements, and other fields. The building 
also contains a network calculator labora- 
tory, equipped with an a-c power network 
calculator and with a pipe-line network 
analyzer developed in the school. Al- 
together, there are 12 classrooms, 67 offices 
and small research rooms, 12 large research 
rooms, and 15 laboratories. The floor 
area is 94,000 square feet. 

The building houses all the activities of the 
School of Electrical Engineering except its 
high-voltage, ionosphere, and radio-astron- 
omy laboratories, each requiring special 
location. 

Phillips Hall gives modern quarters to a 
school which pioneered in early electrical 
engineering. Until 1883, when the univer- 
sity formally authorized a course leading to a 
degree in electrical engineering, there had 
been no curriculum in this field in any 
institution. Establishment of a formal de- 
partment of electrical engineering 6 years 
later marked the first such distinct organiza- 
tion of electrical engineering education. 


First Offshore Radar Platform 
Ready for East Coast Installation 


The first of the United States Air Force’s 
“Texas towers” to stand offshore with radar 
aircraft-detection equipment was launched 
recently at Quincy Yard of Bethlehem Steel 
Company, Quincy, Mass, -After being 
towed to the Boston Yard of Bethlehem 
Steel Company at East Boston, Mass., for 
inspection and final modification, the 
structure is scheduled to be towed out to sea 
and put in place about 100 miles east of 
Cape Cod, Mass., on Georges Bank, early 
in July. 

Once in place the Texas tower will report 
tracks of all unidentified aircraft to the 
nearest shore-based aircraft control and 
warning squadron which will “scramble” 
jet fighter aircraft to intercept and posi- 
tively identify the unknown planes. In 
addition, it will also serve as a weather 
collecting and reporting station. 

The towers are designed to provide the 
Continental Air Defense Command with 
adequate warning of approaching enemy 
aircraft in order to intercept them before 
they reach coastal targets. 
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MODEL of triangular “Texas tower” platform to provide off-shore early-warning radar facilities. The 
three spherical radomes house radar and communication antennas. 


This tower will be the first of several 
similar towers to be erected along the East 
Coast of the United States for the Continen- 
tal Air Defense Command by the Navy’s 
Bureau of Yards and Docks, acting as the 
construction agency. 

The stations will be located approximately 
100 miles off the coast and will be linked 
with the shore-based warning network used 
by the Continental Air Defense Command in 
the over-all defense of the United States. 

Each station will include housing facilities 
for the warning and weather reporting 
equipment and sufficient shelter for a crew 
of more than 70 Air Force, Navy, weather, 
and Coast Guard personnel who will be 
stationed at the sites for 30-day periods or 
more. Space will be provided for helicopter 
landings and there will be docking facilities 
for the resupply of each station. 

The long legs of the tower, reaching down 
to shoals along the continental shelf, will 
support a platform mounted 87 feet above 
water level, out of the reach of waves. The 
huge steel platform alone weighs 6,000 tons. 
Power-generating equipment and _ living 
accommodations for the men will be mounted 
on it. Included will be sick bays and recre- 
ation rooms. 

Rising from the platform will be three 
radomes sheltering the radar antenna and 
radio-communications equipment. 

The platform will be towed into position, 
with the legs sticking up in the air. When 
over the chosen site, the legs will be lowered 
through wells in the platform. Powerful 
hydraulic jacks will hoist the platform to the 
desired height. 

To support the platform, which is tri- 
angular in shape, it was found that waves of 
the size selected for design criteria, exert 
terrific force on any supporting element in 
the water. This led to the choice of three 
supporting legs, the minimum number that 
will support a platform without cantilevering. 
The three legs, approximately 150 feet in 
length and 10 feet in diameter, will take the 
form of heavy columns filled with rein- 
forced concrete. 

Protection of these structures against 
corrosion is a major consideration. It has 
been determined that painting, combined 
with cathodic protection, is ample for all 
surfaces except those at the tidal and spray 
levels. In this critical area, the speci- 
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fications call for a 35-foot length of Lukens 
10 per cent Monel-clad steel, the same thick- 
ness as the balance of the columns. Monel 
was selected because of its excellent re- 
sistance to the corrosive effect of salt water, 
salt air, and salt spray. Also, along the 
outer circumference of the sheathing, de- 
signers specified pure Monel buffers to 
protect against floating objects which might 
surge against the piling. 

Although the first tower will not have 
cross-bracing between the legs, such braces 
will be necessary on future radar platforms 
located in deeper water. For this appli- 
cation, the designers have specified Monel 
sheathing for about 75 feet on each of six 
cross-braces. In addition to the sheathing 
on the braces, the pins which tie the links 
together under water will be made of 
corrosion-resistant Monel with the same 
material fastening the pins in position. 


Detroit Edison Computes Bills 
on High-Speed Electronic Device 


The Detroit (Mich.) Edison Company has 
started to compute customers’ bills on a 
high-speed electronic office machine, it was 
announced recently. The company has 
installed an International Business Machines 
650 magnetic-drum data-processing ma- 
chine, the first of its type in the Detroit area. 
According to an Edison spokesman, this is 
the most advanced electronic office machine 
yet to be installed in any public utility. 

The machine is installed in Edison’s 
customers’ billing department. It computes 
bills from the customers’ current and past 
meter readings, introduced into the machine 
on punched cards. 

The new processing device makes it 
possible for Edison to consolidate numerous 
existing mechanical operations. In ad- 
dition, the machine performs mechanically 
some of the existing manual operations. 

The 650 combines an advanced “‘memory”’ 
unit and a stored program feature. It can, 
in effect, remember 20,000 digits and recall 
any number for calculating purposes—ac- 
cording to “directions” from the stored 
program—in a split second. 

One of the interesting features of the 
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‘machine as it is being used at Edison is its 
ability to determine whether the meter 
reading is consistent with past meter read- 
ings. If the reading is too high or too low, 
the machine sets aside records to be checked 
by clerks who decide whether a second meter 
reading should be made to check the ac- 
curacy of the first one. Where meter read- 
ings have not been secured, the machine 
automatically makes an estimate of the 
reading. 


Scanner System Permits Pickup 
of Television Pictures in Color 


A pickup of live television pictures in 
color, without using television cameras, was 
demonstrated recently by Allen B. Du Mont 
Laboratories, Inc. The system that did this 
so effectively was novel and inexpensive 
compared with regular commercial color 
studio cameras, and easy to operate. One 
man was the sole attendant at the opera- 
tion. 

Called the Du Mont “Vitascan” (reg- 
istered trade-mark) color studio scanner, 
the new system is the reverse of a conven- 
tional television studio pickup system. 
Instead of receiving light through a lens, the 
scanner emits light from a cathode-ray tube. 
This beam of light scans persons, objects, or 
action in the studio, and the light that is 
reflected is picked up by means of multi- 
plier phototubes. These tubes convert the 
reflected light into an electric signal which 
may be passed on to a standard color 
television transmitter for purposes of broad- 
cast. 

According to Du Mont engineers, Vitascan 
fulfills the requirements of television stations 
throughout the country for dependable 
inexpensive means of putting on local live 
programs of limited size from a studio, in 
full color. These programs include com- 
mercials, news commentaries, debates, and 
similar features. The system also permits 
broadcasting in regular black-and-white 
television. 

The nearest thing to a video camera as far 
as resemblance is concerned, is a unit of the 
Du Mont equipment known as the studio 
scanner. ‘This unit, which has a lens like an 


optical camera, directs light beams from the 
scanner over the studio scene. Spaced 
about the studio walls and ceiling are 
clusters of sensitive multiplier phototubes 
which catch and amplify red, blue, and 
green parts of the light rays reflected from 
the studio scene. 

Arranged in clusters of tubes or in 
groups of four, the phototubes are equipped 
with sensitive color filters to make each one 
*‘see”’ one of the colors in the view. The 
resultant signal is sent on to the color video 
transmitter for broadcasting. 

The registering of any one color exactly 
with another, an ever-present problem in 
regular color video cameras that requires the 
constant attention of trained experts and 
hours of warmup time, is an inherent elec- 
tronic virtue of the equipment. With 
the Vitascan there is no such thing as being 
out of register. 

Since the new color system operates 
wholly from the light of the flying-spot 
scanner, conventional studio light is not 
employed. This means that the studio 
actually is in darkness when the flying-spot 
is scanning the scene. Studio illumination 
for actors, speakers, and others in the studio 
during the broadcast is provided from an in- 
termittent source. 

Du Mont engineers solved this dilemma in 
an unusual way. They created a “fully 
lighted dark room.” Since the spot of light 
is scanning the studio scene in rapid bursts 
of light with blanked-out intervals between, 
the engineers employ a high-speed inter- 
mittent light called a “‘sync-lite.’ The 
so-called sync-lite flashes on whenever the 
light from the studio scanner is blanked out. 

When the studio scanner needs darkness 
it gets it. The performers also get the light 
they need. The human eye, as a result, 
sees a studio continuously and sufficiently 
lighted. 

The Vitascan may be used by itself or as 
an integral part of an already widely used 
unit of Du Mont studio broadcast equip- 
ment called a ‘“multi-scanner.” When 
linked with this multi-scanner it gives the 
television station a single studio package 
that permits it to telecast the highest-quality 
television pictures in color or monochrome 
from live sources, from 16-mm films, from 
slides, or from opaques. 


VITASCAN color studio scanner system (above) utilizes a beam of 
controlled light from a cathode-ray tube for scanning, then picks up 
the reflected light by multiplier phototubes such as the one at right. 
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First Automatic Sextant 
Will Aid Aerial Navigators 


An experimental model of the first auto- 
matic sextant in the history of aerial navi- 
gation has just been designed and developed 
by Kollsman engineers, according to an 
announcement by Victor E. Carbonara, 
president of Kollsman Instrument Cor- 
poration. 

“The first version of the new Kollisman 
photoelectric sextant,” Mr. Carbonara said, 
“will give us information necessary for the 
development of production models. Recent 
tests on the prototype have been successful 
and indicate that the instrument will save 
time for the navigator, simplify his job, and 
reduce the possibility of human error. The 
device automatically sights and tracks the 
sun during the day and the stars and planets 
at night. Manual sighting of celestial 
bodies will not be necessary and the new 
sextant will retain its sight on a star and 
continue to track it automatically during and 
after changes in course. Also, flexibility of 
installation will be greatly increased. 

“The navigator will read information 
directly from a remote indicating panel 
which is readily accessible to him. The 
remote panel contains all controls necessary 
for the sextant’s operation and is the only 
part of the instrument to which the navigator 
must have access. It is the remote indicat- 
ing feature that gives the sextant its greater 
field of observation. As the sextant track- 
ing device need not be near the navigator, 
it can be installed in any section of the air- 
craft where it has an unobstructed view of 
the sky.” 

There are three components in the photo- 
electric sextant: the sextant tracking de- 
vice, the indicator with the control panel, 
and the amplifier. Operation is simple. 
The navigator presets on the control panel 
the estimated position of the selected celes- 
tial body. Automatic operation then takes 
over. The sextant tracking device, which 
has a photosensitive telescope, searches for 
the star from which readings are to be 
taken. The telescope sweeps from right to 
left with several steps of elevation, searching 
a patch of sky seven degrees wide by five 
degrees high until it automatically recog- 
nizes the star to be tracked. 

As soon as the star is recognized, the 
system starts its tracking operation. Dur- 
ing this phase, an illuminated ‘“T”’ is visible 
on the indicator. An automatic averaging 
period can be started at any time by throw- 
ing a toggle switch. When the averaging 
period is over, an “R’”’ lights up on the panel, 
indicating that the navigator can “read” 
the average star altitude. 

Because the photoelectric sextant will 
automatically retain a star when the air- 
craft changes course, repeat observations 
can be made with the same star, or the sun, 
a valuable asset for final determination of 
true heading. Whenever a celestial body 
is tracked in level flight, the system will 
measure accurate relative bearing. This 
information can be used by the navigator 
to determine true heading or star azimuth. 
The star telescope’s photoelectric scanning 
system is designed so that aurora phenomena, 
haze, or moonlight have no effect on its 
function. 

Very limited space and cumbersome 
pressure suits make it difficult for crew mem- 
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bers to move about during flight. The 
remote control of the photoelectric sextant 
enables the navigator to operate the sextant 
without leaving his station. He need not 
even stand up. Another advantage of the 
remote-control factor is that it eliminates 
serious problems of installation encountered 
with other types of sextants for which a 
transparent canopy must be pierced to 
accommodate the mount. 

Tests show that under normal flight 
conditions, accuracy within 2 miles can be 
obtained with a running fix from a suc- 
cession of several star shots. 


Government Announces Availability 
of Fulbright Awards for 1956-1957 


The U. S. Government has announced the 
availability of 1956-57 Fulbright Act grants 
for university lecturing and advanced re- 
search in Europe, the Near East, Japan, and 
Pakistan. Attention is particularly called to 
the earlier closing date for submitting 
applications, which has been advanced this 
year to October 1, 1955. 

Ordinarily awards are made for a full 
academic year. These grants, which in- 
clude round-trip transportation, mainte- 
nance allowance, and a small supplemental 
allowance for travel in the host country and 
purchase of books or equipment, may be made 
for only one country and arrangements will 
be made for those selected to be affiliated 
with an institution of higher learning 
abroad, 

To be eligible, applicants must be U. S. 
citizens. Those applying for lectureships 
should have at least one year of college or 
university teaching experience. Applicants 
for research awards should have a doctoral 
degree at the time of application, or recog- 
nized standing in their profession. 

Application forms and additional in- 
formation may be obtained from: Con- 
ference Board of Associated Research Coun- 
cils, Committee on International Exchange 
of Persons, 2101 Constitution Avenue, 
Washington 25, D.C. 


Nuclear Reactor Designed for 
the Battelle Memorial Institute 


A nuclear research reactor has been started 
for the Battelle Memorial Institute, Colum- 
bus, Ohio, by the American Machine and 
Foundry Company, New York, N.Y. The 
target date for “‘going critical’’ is February 1, 
1956. The reactor and its supporting lab- 
oratory facilities will constitute an $1.5-mil- 
lion atomic research center which Battelle 
is building 15 miles west of Columbus. 

The reactor will be the so-called “‘swim- 
ming-pool” type modeled somewhat after 
the bulk shielding reactor at the Oak Ridge 
National Laboratory. It is designed to oper- 
ate at flux levels as high as 1,000 kw on Ura- 
nium 235 solid fuel. Its core is similar to that 
in the materials testing reactor at the 
National Testing Station in Idaho. 

Research reactors are essentially producers 
of radiation—neutrons, gamma, and beta ra- 
diations, and other radiations emitted from 
the inner structures of the atom. An impor- 


Juty 1955 


NUCLEAR research 
reactor of the 
“swimming - pool” 


type, as seen in the 
artist's cutaway con- 
ception, provides flexi- 
bility for a wide 
variety of research 
and development. 


tant use planned for this reactor is to furnish 
an intense source of neutrons for conducting 
experiments on power-reactor cores neces- 
sary for the development of nuclear plants for 
generation of electric power. 

The reactor is also designed to be of broad 
use in the study of the application of atomic 
energy to problems of industry. This new 
research tool makes possible investigations in 
materials, sterilization and pasteurization of 
foods, radiation in chemistry, biochemistry, 
and biology, radioisotope production, medi- 
cine, physics, and reactor technology. The 
reactor will also be used in Battelle’s research 
for the chemical, petroleum, metals, ma- 
chinery, ceramics, electronics, food process- 
ing, textile, and pharmaceutical industries. 
The intense radiation makes possible new ex- 
ploration in the field of radiation-activated 
chemical reactions. It will provide radio- 
isotopes for tracer studies in agriculture, 
medicine, wear and lubrication, and a wide 
variety of problems. 


Use of Mass Spectrometer 
Extends Steel Industry Research 


The first mass spectrometer to be used in 
the steel industry is now in operation at the 
United States Steel Corporation’s Applied 
Research Laboratory in Pittsburgh, Pa. 
Acquired primarily for the analysis of coke- 
oven gas, the new instrument can be use<! to 
investigate the composition of gases, vapors, 
and liquid hydrocarbons. With this ad- 
dition to its spectrometric equipment, the 
Applied Research Laboratory is now able to 
use spectrometry for qualitative and quanti- 
tative analysis of a wide variety of inorganic 
and organic substances in the form of solids, 
liquids, or gases. 

This new spectrometer supplements the 
infrared and ultraviolet spectrometers, which 
are used to analyze mixtures of organic 
compounds. Specifically, the mass spectrom- 
eter in many cases can analyze complex 
mixtures of organic compounds, in the 
form of vapors or volatile liquids, more 
accurately and more quickly than the 
infrared or ultraviolet light spectrometers. 

For the identification of crystalline in- 
organic comounds, the X-ray diffraction 
spectrometer is utilized. With this ap- 
paratus, distinctive patterns or ‘fingerprints’ 
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of the compounds in a sample can be ob- 
tained in about half an hour. ‘These patterns 
of known compounds are kept on file, much 
like the FBI fingerprint file in Washington. 
Every day, through the effort of the Ameri- 
can Society for Testing Materials in co- 
operation with other interested technical 
groups, more compounds are being charted 
and filed in a reference library which now 
contains the “fingerprints” of almost 10,000 
different compounds. Of course, for the 
elemental analysis of inorganic materials to 
determine the percentage of metallic ele- 
ments, the conventional light-emission spec- 
trometer is employed. Similar files of 
reference spectra are available for infrared, 
ultraviolet, and emission spectrometry. 

In the mass spectrometer, molecules of a 
compound are broken into ionized frag- 
ments by electron bombardment. The 
number of ionized fragments of each mass is 
measured, and from these data the types and 
amounts of different organic compounds 
in a gas or vapor mixture can be determined. 

The sample of gas or vapor admitted to 
the spectrometer is subjected to pressure- 
regulating devices so that the operating 
pressure in the analyzer unit is of the order 
of a few hundredths of a micron. Molecular 





MASS SPECTROMETER, recently installed by U. S. 
Steel, is shown here set for process monitoring. 
The graph shows a tracing and retracing of a 
peak of one mass. 
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flow of the sample is achieved by causing the 
gas or vapor to pass through a gold foil 
“‘leak”’ into the analyzer unit. The mole- 
cules are bombarded by a stream of electrons, 
and the resulting charged particles are 
separated into groups according to their 
masses (or more specifically, their mass-to- 
charge ratios). 

The separation of the charged particles 
is effected by accelerating the fragments into 
a strong magnetic field. A charged particle 
traveling through a magnetic field will 
follow a curved path, the radius of which is 
determined by the mass of the particle, its 
charge, the strength of the magnetic field, 
and the accelerating voltage. In a magnetic 
field of constant strength, any charged mass 
can be made to follow a desired path by 
correct adjustment of the accelerating 
voltage. 

In the mass spectrometer, the entire 
analyzer unit is in the field of a strong per- 
manent magnet. The path traveled by a 
particle which is to be detected is determined 
by two fixed slits at an angle of 180° with 
respect to each other. Thus, by adjusting 
only the accelerating voltage, any desired 
mass can be caused to impinge on the de- 
tector or target plate which is located be- 
hind the second, or exit, slit. By con- 
tinuously varying the accelerating voltage 
through a specified range, particles of dif- 
ferent masses are successively focussed on 
the target plate. 

At the target plate the charged particles 
lose their positive charges by taking up 
electrons. By measuring the resulting elec- 
tron flow, a quantitative measurement of 
the number of particles of a specific mass is 
possible. 

The electron flow is amplified and acti- 
vates a pen on a moving chart. As the 
accelerating voltage is changed, auto- 
matically and at a specified rate, peaks 
representing all the masses produced by the 
fragmentation process are drawn on the 
chart. 

For mixtures of substances, the resulting 
graph on the chart is a composite representa- 
tion of all compounds present. This com- 
posite picture, through mathematical treat- 
ment, yields quantitative and qualitative 
data on the mixture. 

In addition to its ability to analyze batch 
samples, this instrument can also be utilized 
as an integral part of a process stream to 
monitor or control a process. It can also 
be used as a leak detector. 


New Submersible Motor 
Developed for Water Pumps 


A new submersible motor has been per- 
fected for water-well pumping by U. S. 
Electric Motors Inc. Incorporating stand- 
ardized National Electrical Manufacturers 
Association mounting dimensions, the motor 
is of “‘wet’’-type construction in which en- 
trance of water into the motor will cause no 
harm to the windings. A special process has 
been developed for encasement of the copper 
windings in a plastic armor which is imper- 
vious to water within the motor. The plastic 
is a high-dielectric compound that has ex- 
tremely low water absorption, similar to 
materials now used to jacket submerged 
power cables. The motor is immune to 
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CROSS-SECTION view of submersible motor 


such hazards as leaky joints, wear of seals, 
condensation, impurities, vibration, etc. 

To guard against internal corrosion, the 
motor is factory-filled with a highly stable 
emulsion of oil and water. The oil particles 
have a polar attraction to metal surfaces and 
deposit on them, preventing corrosion. 
Means are provided to maintain this emul- 
sion at an effective concentration for a long 
period of time. 

Weight of rotating parts and pump thrust 
is supported by a rugged thrust bearing of 
the tilting-shoe type and made especially 
for this motor. The radial bearings are of 
the hard babbitt sleeve type which contact 
the motor shaft of hard stainless steel, polished 
to a smooth finish. Because of the water /oil 
emulsion within the motor, there is no need 
to lubricate these motors either at the time 
of installation or any time thereafter. 

A control box with heavy raintight enclo- 
sure and hinged lid is provided with each sin- 
gle-phase submersible motor. This control 
box contains the starting capacitor, relay, 
overload device, motor data, wiring diagram, 
and connection terminals. The submersible 
motor is available in ratings from 1/3 to 2 hp, 
single phase, and 1!/2 and 3 hp, 3 phase. 


Velocity of Light Redetermined 
by Use of Two New Methods 


Two new determinations of the velocity 
of light have been made by National 
Bureau of Standards (NBS) scientists. Al- 
though carried out independently by widely 
different methods, the two determinations 
give precise values that are in close agree- 
ment. They also provide confirmation for 


Of Current Interest 


the higher values of electromagnetic wave 
velocity that have been consistently obtained 
by microwave measurements since World 
War II. 

In one method, the velocity of light was 
determined from measurement of the molec- 
ular constants of carbon monoxide by in- 
frared spectroscopy. This work was carried 
out in the Bureau’s Washington, D.C, 
laboratories by E. K. Plyler, L. R. Blaine, 
and W. S. Connor of the NBS staff. The 
other determination made use of phase-shift 
measurements on vhf radio waves to 
obtain their velocity of propagation. 
These measurements were made with a radio 
interferometer by E. F. Florman, of the NBS 
Boulder (Colo.) Laboratories, on a dry lake 
bed in southeastern Arizona. The Bureau’s 
statistical engineering laboratory co-operated 
with both groups in analyzing the resulting 
data, and the Bureau’s high-speed computer, 
SEAC, aided in the computations. 

The velocity of electromagnetic waves has 
been a subject of investigation for many 
years. In the period preceding World War 
II, the value 299,776 + 4 kilometers per 
second was generally accepted as an average 
of the findings of the various laboratories. 
However, since the war higher values have 
been obtained by most investigators, largely 
through measurement of the velocity of 
propagation of microwaves. Consideration 
of this more recent work has led to an average 
value of 299,793 + 1 km/sec. The results 
obtained by the Bureau give 299,792 + 6 
km/sec by the molecular constants methods, 
and 299,795.1 + 3.1 km/sec by the radio 
interferometer. They thus provide inde- 
pendent confirmation of the higher values 
obtained in other laboratories since World 
War II. 


All-Silicone-Rubber Insulation 
Increases Rotating-Machine Life 


Development of the first all-silicone-rubber 
insulation system has made it possible for 
Allis-Chalmers Manufacturing Company to 
build large motors and generators that work 
harder and last longer than conventional 
machines. Added life, reliability, and ef- 
ficiency are achieved through the use of 
Silastic, the silicone rubber made by Dow 
Corning Corporation, to form the first 
completely homogeneous, rubbery insulation 
system for electric rotating machines. 

Silicone (class H) insulation, long recog- 
nized as the most notable improvement ever 
made in insulating materials for electric 
machines, has previously been used only in 
combination with asbestos, fibrous glass, or 
mica. Such insulation systems are widely 
used in motors exposed to adverse service 
conditions and in both air-cooled and 
nitrogen-filled transformers. 

Now, however, new procedures developed . 
by Allis-Chalmers for insulating form-wound 
stator coils combined with significant im- 
provements in the electrical and physical 
properties of Silastic have resulted in the 
first all-silicone-rubber insulation system. 
This new system gives large motors and 
generators greater overload protection and 
reliability plus maximum resistance to 
moisture, shock, and vibration, and to both 
electrical and mechanical fatigue. 

The Silastic used in this insulation system 
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is made from a pure silicone rubber gum 
compounded with Dow Corning. silica. 
Made by burning silicon tetrachloride in 
the presence of combustible gases, this 
silica filler is the purest form of silicon 
dioxide known and it has the finest particle 
size. As a filler for silicone rubber, it 
imparts maximum strength and tear re- 
sistance, and contributes to a combination of 
electrical properties that approach those of 
quartz. 

This type of Silastic is applied to the entire 
coil structure and then vulcanized to form a 
homogeneous voidfree dielectric _ barrier. 
Built-up layers of dissimilar materials and 
binders are eliminated. 

The added life and reliability of these new 
Allis-Chalmers motors and generators is due 
to the remarkable resistance of this insulation 
system to such deteriorating forces as heat, 
moisture, vibration, electrical and mechan- 
ical fatigue, abrasion, and corona, and it 
also permits a substantial increase in the 
power per pound ratio of rotating electric 
machines. This new insulation system is 
now available in Allis-Chalmers motors and 
generators in the 2,300- and 4,000-volt 
insulation classes. 

This new type of insulation is of special 
interest to the continuous process industries 
and in pumping services where maximum 
reliability and efficient operation are most 
important. Lower installation costs and the 
virtual elimination of maintenance problems 
are important considerations in power plants 
and in pumping stations serving the petro- 
leum industry, irrigation, and sewage 
disposal plants. 

Wherever dust and abrasive conditions 
are a serious problem as in cement plants, 
rubber compounding, and mining operations, 
electric machines built with this all-silicone- 
rubber insulation system have unique 
advantages. 


Cobalt 60 Is Utilized in 
Powerful New Inspection Tool 


A new inspection tool which makes use of 
radioactive Cobalt 60 and is capable of 
radiographing—or “seeing through”—thick- 
ness of steel up to 7 inches, has been devel- 
oped by The Babcock and Wilcox Company. 
The unit has been christened the “Isoscope”’ 
a derivation of the words “‘isotope,” a radio- 
active material, and “scope,” for the power 
to see through metals. The Isoscope, which 
has been under study and development for 
the past 3 years, requires only one third the 
exposure time of a 1,000,000-volt X-ray 
unit and paves the way for wider use of 
atomic energy in this industrial application 
at a lower initial cost. 

The largest allocation of radioactive 
Cobalt 60 ever authorized to industry for 
radiographic work was assigned to Babcock 
and Wilcox for the Isoscope at Oak Ridge 
National Laboratory on October 11, 1954. 
The material was loaded into a special 
dual-purpose spherical lead container de- 
signed and built by the company’s Barberton, 
Ohio, works to handle the radioactive mate- 
rial during shipment. The container is 
converted into a part of the radiographic 
machine upon arrival at its destination. 

The lead sphere of the Isoscope is encased 
in a steel jacket having a cylindrical rotor 
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ISOSCOPE, which makes use of radioactive Cobalt 60, is aimed at a test specimen. 


section built into it. By revolving the rotor 
180 degrees, the radioactive source can be 
brought from the safe position to a point in 
line with the coned opening in the steel 
jacket allowing a beam of radiation to escape. 
This, in effect, results in a unit which can be 
turned on and off. 

The total charge placed in this unit was 
1,008 curies of Cobalt 60. The charge is 
comprised of small disks stacked one on top 
of the other like coins in a coin changer. 
The radiation is taken from the top of this 
stack so that the focal-spot size compares 
favorably with existing high-voltage X-ray 
equipment. 

The balance of the Isoscope consists of a 
modified electric platform lift truck having 
a lead cab built on the back and a turntable 
mounted on the front platform. Trunnions 
on the turntable receive the lead ball con- 
taining the radioactive material. Cover 
plates mounted on top and bottom of the 
lead balls carry the cylindrical rotating 
mechanism. This assembled unit can be 
raised or lowered through 8 feet, rotated 
vertically through 210 degrees and _hori- 
zontally through 360 degrees. 

The lead cab provides protection for the 
operator and contains controls for the 
operation of the machine. The controls 
consist of a timer, an on-off button, and a 
green, amber, and red light system which 
informs the operator of the position of his 
source at all times. 


Improved Transistors Can Be Used 
in High-Frequency Applications 


Transistors recently developed at the 
General Electric Research Laboratory, Sche- 
nectady, N.Y., can be used in television, 
radar, short-wave radio, and other electronic 
devices where high-frequency requirements 
previously required bulkier vacuum tubes. 

Speaking at the dedication of the GE 
Electronics Division’s new Stanford Micro- 
wave Laboratory, Dr. C. G. Suits, who is a 
General Electric vice-president and director 
of research, said, ‘Transistors made by the 
new ‘meltback’ process can operate efficiently 
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at frequencies five times higher than ordinary 
transistors, and at these high frequencies the 
new transistors show greatly improved 
power-amplification characteristics.” 

Developer of the “meltback’’ principle is 
Dr. Robert N. Hall of General Electric, who 
also developed the “‘rate-growing”’ process 
for making junction transistors. 

*“Meltback” significantly improves the 
control of impurities in the thin layers of 
germanium or silicon crystals from which 
transistors are made. These crystals are 
smaller than a grain of wheat, and some lay- 
ers must be as thin as 1/5000th of an inch for 
satisfactory performance at high frequencies. 

In previous processes, crystals were formed 
from a pool of molten metal, and the layers 
created by cycling the rate of growth. 
Scientists have been faced with the problem 
of keeping materials in different layers from 
contaminating each other during the 20 
minutes it takes the molten mass to solidify 
and cool to room temperature. This has 
meant thicker separating layers than are 
desirable for high-frequency use. In Hall’s 
new process, the cooling time is greatly 
shortened, there is less intermixing between 
layers, and the layers therefore can be 
thinner. Thin layers allow electrons to 
travel more quickly from one side of the 
crystal to the other, thus increasing the 
frequency at which the transistor can op- 
erate. 

Commercial methods previously available 
for making transistors involved the pro- 
duction of cigar-sized crystals of germanium 
or silicon and cutting them into thousands 
of tiny pieces. Hall’s new method uses 
thin wirelike crystals, and because of the 
reduced cross section the “melting back” 
is accomplished quickly and cooling takes 
place not in 20 minutes, but in less than a 
second. In this short time the number of 
impurities migrating from their proper 
layers into adjoining layers is reduced to 
about 1/30th the former figure. The 
entire cycle of melting, cooling, and removal 
of the finished pellet takes only a fraction of 
a minute. 

*“Meltback” transistors also have greatly 
improved “gain” characteristics. Ampli- 
fication of current with ordinary transistors 
usually is approximately 50 times. 
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INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


Short-Circuit Analysis 


To the Editor: 


In short-circuit analysis it is customary to 
use the fully offset value of the fault current as 
representing the most severe conditions that 
it is possible to meet in practice. This 
assumption is made so commonly, being, in 
fact, the usual design premise, that it is apt 
to be taken as the theoretical limit. Typical 
of this is a paper by M. J. Lantz, ‘Power 
System Fault Current Analysis Including 
Study of Transient Offset,” which has 
received the recommendation and approval 
of several AIEE committees (AIEE Trans- 
actions, vol. 73, pt. 3 B, 1954, pp. 1073-8). 

In discussing the change in the rms current 
due to the d-c component, Mr. Lantz states: 
‘The maximum theoretical current increase 


at time zero is 1/3 times the symmetrical 
value.” I should like to point out that this 
is not necessarily the theoretical limit, nor is 
the numerical value 1/3 correct as Mr. Lantz 
has used it. Let us deal first with the 
numerical value, as we can dispose of this 
rather quickly. The value /3 is so well 
known as the ratio of the rms value of the 
fully offset current to the rms value of its 
a-c component that I am surprised to find 
Mr. Lantz calling it the difference between 
two values. Yet this is what he does, in sub- 
stance, by twice calling it the increase, once 
in the statement quoted above, and once 
in the statement just previous in his paper, 
referring to Fig. 3. To be sure, Fig. 3 calls 
this a multiplier, but it does not identify the 
current of which it is a multiplier. I am 
sure that Mr. Lantz used the term “‘increase”’ 
in a manner in which he did not intend, and 
will agree that he had ratio in mind. 

Mr. Lantz’s analysis and tests deal with 
cases in which the load current was zero 
before the instant of short circuit. In such 
cases the fully offset value is the maximum 
that can occur, but I do not consider it 
good policy to call it the theoretical maxi- 
mum without some sort of qualifying state- 
ment. Not only is it theoretically possible 
to get a more than fully offset current, but 
there are many cases commonly met in prac- 
tice where the extent by which the offset 
may exceed 100 per cent can be sufficient 
to become a significant factor. 

It is well known that the value of the d-c 
component is the difference between the 
instantaneous values of the load current and 
the short-circuit current at the moment of 
short circuit. The occurrence of the short cir- 
cuit represents an analytical discontinuity— 
on one side of which the current has the 
value corresponding to the load current, and 
on the other side corresponding to the short- 
circuit current. Due to relative direction of 
power flow, relative magnitude, and relative 
power factor, these two currents may have 
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stood to be made by the writers. Publication here 
in no wise constitutes endorsement or recognition 
by the AIEE. All letters submitted for publication 
should be typewritten, double-spaced, not carbon 
copies. Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations. 


widely divergent instantaneous values. The 
actual current in the circuit can neither 
change instantly from one to the other, nor 
have both values simultaneously. We there- 
fore introduce the concept of a d-c transient 
whose initial value is the required difference. 
This is explained in most comprehensive 
treatments of the over-all subject of short 
circuits, but I have been surprised at the 
number of practicing electrical engineers 
I have encountered who are not too clear on 
the matter. There are a number of ways of 
looking upon this d-c transient. It can be 
looked upon as a mathematical convenience, 
resulting from the analytical study. More 
realistically, it might be considered as the 
mechanism by which the electromagnetic 
conditions of the circuit change from the pre- 
to the post-short-circuit status. Or, if one 
prefers the philosophical aspect, one might 
say that it satisfies the requirement that 
there be no discontinuities in nature, even 
though there may be in our analysis. Re- 
gardless of viewpoint, however, it possesses 
reality. Oscillograms show the offset cur- 
rent. We also know that the d-c component 
contributes to conductor heating and the 
magnitude of the physical forces, and is a 
factor in circuit-breaker interrupting duty 
for the very fast circuit breakers. It also 
introduces a fundamental-frequency force in 
addition to the twice-fundamental-frequency 
force common to a-c systems. This was 
pointed out some time ago by the writer! 
and previously developed in connection with 
an unpublished undergraduate thesis (by 
H. R. Tomlinson and W. A. Tripp, Massa- 
chusetts Institute of Technology, June 1922). 
The test data on the offset current re- 
ported in Mr. Lantz’s paper are, basically, 
an experimental probability study for the 
case of zero load current. The per cent 
offset curves correspond to one form of 
probability curve. Let us consider, how- 
ever, the case in which the load current 
(the pre-short-circuit current) is not zero, 
The factors which influence the magnitude 
of the d-c component, other than the time on 
the voltage wave, are, as stated above, rela- 
tive direction of power flow, relative magni- 
tude, and relative power factor. Cases in 
which these assume an importance usually 
arise when dealing with connecting links in a 
system having a multiplicity of sources. In 
these links the load currents are relatively 
large, while the short-circuit capacity is only 
that imposed by a portion of the system. 
Usually the flow of power under both load 
conditions and short circuit can have either 
direction in these links. Since the value of 
the d-c component is determined by the 
difference between the load and _short- 
circuit currents, it is necessary, for theoretical 
maximum conditions, to assume the case in 
which they are in opposite directions. If the 
load current happens to be of not too high 
power factor, the situation is aggravated. 
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A typical, and common, example of such 
a case would be a generating station having 
several generators and transmission lines, 
all tied together in a switchyard which is 
sectionalized into, say, two parts. The 
sectionalizing link often will have a load 
capacity large in comparison with the size of 
any one generator. But the short-circuit 
current through the link can be that due to 
only the generators and system contribution 
from one side. The short-circuit analysis 
for the link will be based on only that part of 
the system, but in treating those items for 
which the offset current must be considered, 
an error of substantial magnitude would 
occur in neglecting the fact that the load 
current and short-circuit current can be in 
opposite directions. 

The importance of this is perhaps greatest 
in connection with the calculation of short- 
circuit forces. It is true that the maximum 
force does not necessarily occur under the 
conditions which produce the maximum 
offset, particularly in the case of polyphase 
systems. This also was pointed out in the 
reference mentioned above (also derived from 
the unpublished thesis). This has been 
concurred in and quoted? and is taken into 
account in the formulas now in general use 
by the industry. However, the amount of 
offset for any conditions will be in proportion 
to the possible maximum, and therefore the 
force calculations would be proportionately 
incorrect if the analysis of the maximum is 
incorrect, It may be well to mention that 
the industry formulas are based on only 
100-per-cent offset and must be adjusted 
before being applied to special cases such 
as those mentioned here. Perhaps the most 
useful concluding thought would be to 
emphasize that it is important to recognize 
these special cases when they are encountered, 
to know wherein our usual design premises 
must be adjusted, and to know how to make 
the necessary adjustments. 

WILLIAM A, TRIPP (M’35) 


(Ebasco Services, Inc., New York, N. Y.) 


References 


. Forces Due to Short Circuit Currents, Part I Non- 
mathematical Analysis of Various Short Circuit 
Current Transients, W. A. Tripp. The Electric 
Journal, Chicago, Ill., December 1937, pp. 3-9. 


. Forces on Conductors During Short-Circuit, S. C. 
Killian. Delta-Star Magazine, Pittsburgh, Pa., Janu- 
ary—February 1943, pp. 493-7. 


Induction Generators 


To the Editor: 


I found the paper, “‘A Self-Excited Induc- 
tion Generator with Regulated Voltage’’ 
by H. M. McConnell (AIEE Transactions, 
vol. 73, pt. 2, 1954, pp. 288-95), which ar- 
rived here only recently, very interesting 
indeed. 

The initial voltage build-up of such a 
generator and its generating voltage depend 
to a high degree on the saturation of its 
main magnetic circuit or on the fact that 
Xm is not a constant, but unfortunately no 
details are given in this respect. 

I have published an investigation of the 
self-excited induction generator (I treated 
shunt condensor excitation only) a few years 
back (‘Das Verhaltan des kondensator- 
erregten Drehstromasynchrongenerators: 
The Performance of the Self-Excited Induc- 
tion Generator,” Elektrotechnik und Maschin- 
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enbau, Vienna, Austria, 1952, p. 505) and I 
assume that the author has not seen this 
article, which might give him some addi- 
tional information. One result of my in- 
vestigation was that there is a limit of load 
for such a generator in form of a critical load 
impedance (for resistive and inductive 
loads). If the load impedance is perma- 
nently reduced below its critical value, the 
generator loses its voltage. 

In the case of a series capacitance a load 
short circuit will make this capacitance more 
effective and maintain the excitation of the 
generator, unless the inductance of the 
magnetic amplifier more than compensates 
this effect. 


BENNO GERSTMANN (AM’41) 


(Caulfield Technical 


School, 
Australia) 


Melbourne, Victoria, 


To the Editor: 


I am grateful to Dr. B. Gerstmann for his 
interest in my work on induction generators. 
His own article only recently came to my 
attention. 

With regard to the variable nature of the 
magnetizing reactance X,,, I should like to 
point out that the use of a controlled shunt 
reactor as a regulating scheme allows auto- 
matic compensation of changes in Xp. 
It is only necessary to set the design so that 
in normal operation the saturation is not 
excessive. 

As Dr. Gerstmann has shown, the induc- 
tion generator may be operated at reasonably 
constant voltage with varying load and with 
fixed-shunt capacitor excitation, if the 
machine is sufficiently saturated. The use of 
saturation to regulate voltage is quite 
analogous to the same situation encountered 
in the shunt-excited d-c machine. 

Dr. Gerstmann’s paper also shows that the 
induction generator loses excitation if the 
load current exceeds a certain critical value 
(Fig. 8 of his paper), under conditions of 
fixed shunt capacitance. The system de- 
scribed in my paper exhibits a similar prop- 
erty; at high load current, the machine de- 
mands more kilovar input to balance the rotor 
reactive current, in addition to the kilovars 
demanded by the load. The combined 
demand exceeds the capability of the kilovar 
generators (capacitors) at a critical load, 
and excitation is lost. As explained in my 
paper, and as amplified in the discussion by 
Messrs, Lytle, Caldwell, and Byloff, the use 
of series capacitors raises this load limit. 


H. M. McCONNELL (AM’48) 
(Carnegie Institute of Technology, Pittsburgh, Pa.) 


NEW BOOKS eeees 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented by the publishers. The Institute assumes no 
responsibility for statements made in the following 
summaries, information for which is taken from the 
prefaces of the books in question. 


THE DESIGN AND ANALYSIS OF INDUSTRIAL 
EXPERIMENTS. Edited by Owen L. Davies. 
Hafner Publishing Company, 31 East 10th Street, New 
York 3, N. Y., 1954. 636 pages, 10 by 61/2 inches, 
bound. $10.00. A sequel to the editor’s Statistical 
Methods in Research and Production (1947), this book 
applies some of the simpler techniques discussed in its 
predecessor to the arrangement of items comprising a 
complex experiment and to the analysis of results. 
Problems considered include planning simple compara- 


Jury 1955 


tive experiments, sequential testing, factorial experi- 
ments, and determination of optimum conditions. Ex- 
perimental methods are not dealt with. Although the 
numerous examples given are drawn exclusively from the 
chemical industry, basic principles are explained in gen- 
eral terms applicable in other fields. 


ENGINEERING CYBERNETICS. By H. S. Tsien. 
McGraw-Hill Book Company, Inc., 330 West 42nd 
Street, New York 36, N. Y., 1954. 289 pages, 91/4 by 
61/4 inches, bound. $6.50. This study, presented on 
the mathematical level of the research engineer, is con- 
cerned with the parts of cybernetics which have direct 
engineering applications in designing controlled or 
guided systems. The emphasis is on theoretical anal- 
ysis and on the principles underlying different areas of 
practice rather than on the design and construction of 
components. Some of the topics treated are non- 
interacting controls of many variable systems, non- 
linear servomechanisms, control design by perturbation 
theory, noise filtering, and theory of error control. 


EXPERIMENTS IN ELECTRONICS AND COM- 
MUNICATION ENGINEERING. By E. H. Schulz, 
L. T. Anderson, and R. M. Leger. Harper and Brothers, 
49 East 33d Street, New York 16, N. Y., second edition, 
1954. 342 pages, 91/4 by 61/4 inches, bound. $6.00. 
Originally prepared for use in training men for the 
Signal Corps, this text has now been revised for use in 
college courses in electronics, communication networks, 
radio, and uhf phenomena. Ninety-three experiments 
are given, with discussion of principles, suggested 
procedure, and suggested apparatus. 


FEEDBACK CONTROL SYSTEMS. By Gilbert 
Howard Fett. Prentice-Hall, Inc., 70 Fifth Avenue, 
New York, N. Y., 1954. 361 pages, 85/s by 57/s inches, 
bound. $10.00. An introduction to the subject for 
advanced students and for practicing engineers seeking a 
basic understanding of the field. The equations of 
components are developed, and separate chapters are 
devoted to steady state and transient solutions, the 
Nyquist criterion for stability, and stability diagrams. 
Concluding chapters deal with complex and nonlinear 
systems. Chapter bibliographies are included. 


GEOLOGY OF PETROLEUM. By A. I. Levorsen. 
W. H. Freeman and Company, 549 Market Street, San 
Francisco 5, Calif., 1954. 703 pages, 9!/2 by 6/4 inches, 
bound. $8.00. Primary attention is given in this text 
to the principles that aid in understanding the geologic 
history of an area—its stratigraphy, sedimentation, 
deformation, and fluid phenomena—and to principles 
used in the discovery process. The main divisions of the 
book cover the reservoir, with emphasis on the trap; 
reservoir temperature, pressure, and fluids; origin, 
migration, and accumulation; and applications in the 
search for new pools and provinces. Chapter bibliog- 
raphies are provided. 


HOW TO READ ELECTRICAL BLUEPRINTS. By 
Gilbert M. Heine and Carl H. Dunlap. Revised by 
C. S. Jones. American Technical Society, 848 East 
58th Street, Chicago 37, Ill., second edition, 1954. 
311 pages, 8'/2 by 58/4 inches, bound. $4.75. The 
major part of this book is devoted to the explanation of 
symbols used to represent the various pieces of electric 
equipment that must be indicated on electrical blue- 
print. . The material is divided into ten sections, each 
dealing with a branch of the electrical industry—house 
wiring, generators and motors, power stations, etc. A 
new feature in this edition is the presentation of pages of 
symbols with the objects they represent printed opposite 
each symbol. 


INDUSTRIAL DESIGN. By Harold Van Doren. 
McGraw-Hill Book Company, Inc., 330 West 42nd 
Street, New York 36, N. Y., second edition, 1954. 
379 pages, 10!/s by 77/s inches, bound. $6.50. This 
book is aimed at the young person choosing a vocation 
and also at engineers, draftsmen, and others with design 
problemstosolve. It outlines the principles, techniques, 
and procedures to be followed in analyzing, creating, 
and developing products for mass manufacture, including 
consumer goods, capital goods, commercial or service 
equipment, and transportation equipment. New 
chapters have been added on predesign research, in- 
dependent analysis, merchandising, and testing con- 
sumer reaction to a proposed design. 


LAMPS FOR A BRIGHTER AMERICA. A History 
of the General Electric Lamp Business. By Paul W. 
Keating. McGraw-Hill Book Company, Inc., 330 West 
42nd Street, New York 36, N. Y., 1954. 246 pages, 
91/4 by 6 inches, bound. $4.00. A history for the 
general reader recording both technical advances in 
lighting and the growth of General Electric Lamp Divi- 
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sion as a business organization. Early experiments are 
described, including Edison’s work on the first practical 
incandescent lamp, and there is discussion of the develop- 
ment of special types of lamps-lens-end flash bulbs, sun 
lamps, sealed beam headlights, and others. 


LAPLACE TRANSFORMS FOR ELECTRICAL 
ENGINEERS. By B. J. Starkey. Published for 
Wireless Engineer by Uliffe and Sons, Inc., London, 
England, 1954. 279 pages, 8'/2 by 5!/2 inches, bound. 
30s. An introductory treatment of a mathematical tool 
which has become useful for a wide range of engineering 
and physical problems. The development of the theory 
is logical. The approach and the vocabulary are from 
analytical methods with which many engineers are 
familiar, and illustrative applications are freely used. 
The book will serve both as a practical text or as an intro- 
duction to a fuller mathematical treatment 


MACHINE DESIGN. By Vladimir L. Maleev and 
James B. Hartman. International Textbook Company, 
Scranton, Pa., third edition, 1954. 706 pages, 9'/: by 
6'/4 inches, bound. $8.50. The six main divisions of 
this text deal with stresses and materials, manufacture of 
machine parts, fastenings, details for handling fluids, 
hoisting machinery, and power transmission machinery. 
Coverage has been extended to include developments in 
many fields, including the unified screw-thread system, 
new fastening devices, involute splines, and new mate- 
rials such as ductile iron and various aluminum alloys. 
Two new chapters have been added to the section on 
manufacturing processes. 


MAGNETIC CONTROL OF INDUSTRIAL MO- 
TORS. By Gerhart W. Heumann. John Wiley and 
Sons, Inc., 440 Fourth Avenue, New York 16, N. Y., 
second edition, 1954. 714 pages, 9!/4 by 6 inches, 
bound. $9.50. Provides exhaustive coverage of elec- 
tric motor performance, contro] device characteristics, 
and functions of commonly used control circuits, with 
emphasis on considerations governing the selection of 
controllers for specific purposes. The text has been re- 
vised in line with present-day practices and includes new 
material on adjustable voltage and regulating systems. 
Obsolete designs have been eliminated, and tables and 
diagrams have been changed to conform to the latest 
industrial standards. 


MASS SPECTROMETRY. By A. J. B. Robertson. 
John Wiley and Sons, Inc., 440 Fourth Avenue, New 
York 16, N. Y., 1954. 135 pages, 65/s by 4#/s inches, 
bound. $2.00. This smaJl volume, a general intro- 
duction to the subject, includes a brief historical review 
of the method, and concise chapters on the operation of 
mass spectrometers, on the ionization and dissociation 
of molecules induced by electron impact, and on the use 
of the technique in chemical analysis, free radical investi- 
gations, and measurement of isotopic abundances. 


AUTOMATIC VOLTAGE REGULATORS AND 
STABILIZERS. ByG.N. Patchett. Sir Isaac Pitman 
and Sons, Ltd., London, England., 1954. 335 pages, 
83/4 by 5!/2 inches, bound. 50s. The subject is broadly 
defined to cover any device for maintaining auto- 
matically a constant or predetermined voltage at some 
point, whether on large power systems or in small elec- 
tronic appliances. The three sections of the book deal 
with principles, electromechanical regulators, and regu- 
lators with electric and electronic circuits only. Both 
continuous and discontinuous types are treated. Over 
600 references are listed at the end of the text. 


BASIC ENGINEERING SCIENCES. By William 
Glendinning, 5123 Bell Boulevard, Bayside, N. Y., 1954. 
126 pages, 11 by 81/;inches, paper. $3.00. Problems, 
with solutions, selected from Part II of New York State 
Examinations for Engineer-in-Training and Professional 
Engineer, 1945-June 1954. They cover various aspects 
of hydraulics, thermodynamics, machine design, and 
electrical principles and equipment, with specific 
problems on stream flow, heat transfer, mechanical 
movements, generators and motors, etc. 


A HISTORY OF TECHNOLOGY. Volume I: From 
Early Times to Fall of Ancient Empires. Edited by 
Charles Singer, E. J. Holmyard, and A.R. Hall. Ox- 
ford University Press, 114 Fifth Avenue, New York 11, 
N. Y., 1954. 827 pages, 10 by 71/2 inches, bound. 
$23.55. This is the first of five volumes which will 
record the history of how things have been done and 
made from the earliest times through the 19th 
century, with the object of showing how the complex 
technical knowledge of our civilization has come into 
being. A vast amount of information has been co-ordi- 
nated and presented in scholarly fashion by the wide 
range of authorities who contribute the separate chapters 
of the work. The present volume covers man as hunter 
and as builder of settled societies, and treats fully the 
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technology of the first civilizations of the Near East. 
Such subjects as water supply, use of metals, transport, 
writing, weights and measures, mathematics, and many 
others are discussed in their origins and early develop- 
ment. Over 500 textual figures and a number of plates 
are included. 


INDUSTRIAL AUTOMATIC CONTROLS. By 
Millard H. LaJoy. Prentice-Hall, Inc., 70 Fifth Ave- 
nue, New York, N. Y., 1954. 278 pages, 81/2 by 53/; 
inches, bound. $6.65. A text for a first course, re- 
quiring no mathematics beyond calculus and ordinary 
differential equations. Basic modes of control—two 
position, proportional, floating, and rate—are analyzed, 
and characteristics of controller combinations are 
described. There are chapters covering the internal 
circuitry of pneumatic, hydraulic, and electronic con- 
trols, and a separate chapter surveys representative 
applications in the ceramic, chemical, food, power, and 
textile industries. The last two chapters are introduc- 
tions to the theoretical analysis of industrial processes and 
controlled systems. 


MAGNETIC AMPLIFIERS AND SATURABLE 
REACTORS, Edited by M. G. Say. George Newnes 
Ltd., London, England, 1954. 199 pages, 8'/s by 
58/, inches, bound. 21s. A summary of recent in- 
formation on the principles, construction, and applica- 
tion of these devices. Separate chapters, each prepared 
by an authority on the subject, cover magnetic princi- 
ples, basic circuits, construction of transductors, push- 
pull amplifiers, and magnetic modulators. Two chap- 
ters on control and instrument applications deal with the 
use of saturable reactors for electric power, motor speed, 
machine, and welding control, and for current metering, 
servomechanisms, and various other purposes. 


METALLURGY OF THE NON-FERROUS 
METALS. By W. H. Dennis. Sir Isaac Pitman and 
Sons, Ltd. (distributed in U.S. by Pitman Publishing 
Corporation, 2 West 45th Street, New York 19, N. Y.) 
1954. 647 pages, 88/, by 51/, inches, bound. $12.50. 
This up-to-date, practical book for students, metallur- 
gists, and engineers deals with the metals roughly in 
order of their industrial production, beginning with 
copper and ending with the rare earths and radium. 
Information is given on source, extraction operations, 
refining, and, for the major metals, properties, alloys, 
and uses. American metallurgical practice is given 
prominence in the text. 


NUCLEAR GEOLOGY. A Symposium on Nuclear 
Phenomena in the Earth Sciences. Edited by Henry 
Faul. John Wiley and Sons, Inc., 440 Fourth Avenue. 
New York 16, N, Y., 1954. 414 pages, 91/4 by 6 
inches, bound. $7.00. Twenty-six scientists have con- 
tributed to this symposium which is intended as an 
introduction to the subject for the graduate student and 
practicing geologist. It includes a simple introduction 
to nuclear physics; an outline of such important tech- 
niques as nuclear emulsion, mass spectrometry, and 
isotope dilution; discussion of radioactive elements in 
rocks and oceans; and description of thermal, physical, 
and chemical effects; radioactivity. Separate chapters 
treat nuclear methods of exploration and well logging, 
absolute age determination, and the origin of the earth. 
An extensive bibliography is appended. 


OPERATIONS RESEARCH FOR MANAGEMENT. 
Edited by Joseph F, McCloskey and Florence N. 
Trefethen. Johns Hopkins Press, Homewood, Balt. 18, 
Md., 1954. 409 pages, 91/4 by 6 inches, bound. 
$7.50. A 3-part study based largely on lectures de- 
livered by industrialists, engineers, and others in a 
seminar at Johns Hopkins University in 1952. Part one 
covers the scope and history of the field, and the relations 
between management and the operations analyst. The 
second part deals with methodology and the use of in- 
formation theory, computing machinery, linear pro- 
gramming, game theory, and other techniques. Part 
three is made up of case histories drawn from the printing 
industry, the reliability of air-borne radar, sales promo- 
tion, etc. The selected bibliography includes references 
through September 1954. 


ANNUAL REVIEW OF NUCLEAR SCIENCE. 
Volume 4, 1954. Edited by James G. Beckerley. 
Annual Reviews, Inc., Stanford, Calif., 1954. 483 
pages, 9 by 61/s inches, bound. $7.00. The 17 papers 
in the present volume are essentially surveys of the 
literature on recent developments, accompanied by ex- 
tenssve reference lists. Three of the papers are devoted 
to different aspects of nuclear particle detection, and 
there are papers on penetration of heavy charged parti- 
cles in matter, radioactivity in geology and cosmology, 
and on various other topics. Author and subject indexes 
covering the entire volume are included. 
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RELAIS UND SCHUTZSCHALTUNGEN IN ELEK- 
TRISCHEN HOCHSPANNUNGSANLAGEN. _ By 
Walter Biitow. Verlag G. Braun, Karlsruhe, Germany, 
1954, 234 pages, 83/3 by 6 inches, bound. DM 24,00. 
This volume, one of a series on high-voltage technology, 
deals with relays and protective circuits in high-voltage 
plants. Following a discussion of faults in power supply 
networks the book takes up the operation and construc- 
tion of relays and provides a guide for the selection of 
correct equipment. Overload protection, automatic 
reclosing, relay testing, the protection of transformers 
and generators, and specialized types of relays are other 
topics considered. 


REPORTS ON THE PROGRESS OF APPLIED 
ELECTRICITY. Volume XXXVIII: 1953. Society 
of Chemical Industry, London, England. Interscience 
Publishers, Inc., 250 Fifth Avenue, New York 1, N. Y. 
989 pages, 8°5/s by 51/2 inches, bound. $6.50. In this 
broad summary of the literature covering developments 
in 1953, the topics most likely to interest engineers in- 
clude: fuel and fuel products; iron and steel; non- 
ferrous metals; corrosion; electrochemical and electro- 
metallurgical industries; ceramics and_ refractories; 
industrial gases; road and building materials; rubber; 
adhesives; plastics; paints; fluid flow; heat transfer; 
industrial instruments and automatic control; and water 
treatment. A detailed subject index is provided. 


RICCI-CALCULUS. An _ [Introduction to Tensor 
Analysis and its Geometrical Applications. By J. A. 
Schouten. Springer-Verlag, Berlin, Germany, second 
edition, 1954. 516 pages, 91/, by 61/2 inches, bound. 
DM 58.60. A comprehensive survey of the Ricci cal- 
culus in its modern form. Taken up in order are alge- 
braic preliminaries, including a section on hybrid 
quantities; important analytical notions; linear connec- 
tions, curvature, and normal co-ordinates; the theory of 
the Lie groups; and imbedding and the theory of higher 
curvature, The remainder of the book deals with pro- 
jective and conformal transformations of connections; 
the theory of variations, deformations, and movements; 
and miscellaneous examples from recent literature, in- 
cluding Kron’s applications of tensor analysis to electric 
circuits. A bibliography of some 1,400 references is 
given. 


SIGNAL, NOISE AND RESOLUTION IN NU- 
CLEAR COUNTER AMPLIFIERS. By A. B. Gilles- 
pie. McGraw-Hill Book Company, Inc., 330 West 42nd 
Street, New York 36, N. Y., 1953. 155 pages, 83/, by 
58/, inches, bound. $4.50. The first in a new series 
of monographs, “Electrons and Waves,” this book is an 
attempt to give a thorough yet simple treatment of the 
subject. The three chapters on detection principles, 
signals from ionization chambers, and proportional and 
scintillation counters are to some extent a summary of 
previously published information. The | remaining 
three chapters—on noise, signal to noise ratio, and 
resolution and sensitivity—are based largely on unpub- 
lished theoretical and experimental data. A list of 
references is included. 


STARKSTROMPROBLEME BEI SCHWEISS- 
MASCHINEN. (Mitteilungen Aus Dem Institut Fiir 
Elektromaschinenbau an der E.T.H., no. 3). By 
Stanislaw Owczarek. Verlag Leeman, Zurich, Switzer- 
land, 1953. 95 pages, 91/, by 65/s inches, paper. 
Sw.Frs. 12.50. This thesis on high-voltage problems in 
welding machines reviews the theoretical principles in- 
volved in the design of both arc and resistance types. 
The last two chapters deal with the fundamentals of elec- 
tronic control of resistance-welding machines and with 
high frequency in the arc-welding process. 


TELEVISION AND RADAR ENCYCLOPEDIA. 
Edited by W. MacLanachan. Pitman Publishing 
Corporation, 2 West 45th Street, New York 19, N. Y., 
second edition, 1954. 216 pages, 8%/, by 51/2 inches, 
bound. $6.00. A number of new terms have been 
added in this edition, and others have been revised in 
order to take into account latest practices. As in the 
previous edition, the book lists in a single alphabet brief 
definitions and longer signed articles on terms in common 
use in the United States and Great Britain. Sketches, 
diagrams, and photographs are used for illustration, and 
an appendix includes a list of symbols, tables of induct- 
ances, and other pertinent data. 


THE THEORY OF COHESION. An Outline of the 
Cohesive Properties of Electrons in Atoms, Molecules, 
and Crystals. By M. A. Jawson. Interscience Pub- 
lishers, Inc., 250 Fifth Avenue, New York 1, N. Y., 1954. 
245 pages, 85/s by 55/s inches, bound. $5.75. This 
monograph develops, on an intermediate level, the 
mathematical and physical arguments involved in the 
wave mechanical theory of cohesion. It proceeds from 
relatively elementary principles to a full treatment in 
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aggregates and particularly in metals. Subjects covered 
include some important concepts of wave mechanics, the 
helium atom and hydrogen molecule, cohesive forces in 
alloys, elastic constants of metallic materials, cohesion in 
transitional metals, and covalent structures. 


BASIC CIRCUITRY OF THE MIDAC AND 
MIDSAC. By J. E. De Turk and others, University of 
Michigan, Engineering Research Institute, Willow Run 
Research Center, Ypsilanti, Mich., 1954. Various 
paging, 11 by 8!/: inches, paper. $2. This report 
describes the electronic computing circuits used by the 
Michigan Digital Automatic Computer, a general- 
purpose electronic calculator, and the Michigan Digital 
Special A ic puter, designed for real-time 
operation as an element of an automatic control system. 
The computing circuits ‘described consist of a group of 
pulse circuits which operate at a 1-megacycle pulse 
repetition rate. The four parts of the report cover the 
function, operation, and design of the packaged cir- 
cuitry; examples of functional units within a computer ; 
a simplified serial-binary arithmetic unit as an example 
of a computer subsystem; and mechanical design. 





X-RAY DIFFRACTION PROCEDURES. For Poly- 
crystalline and Amorphous Materials. By Harold P. 
Klug and Leroy E. Alexander. John Wiley and Sons, 
Inc., 440 Fourth Avenue, New York 16, N. Y., 1954. 
716 pages, 91/, by 6 inches, bound. $15.00. Numer- 
ous and varied procedures and applications are described 
in detail in this volume prepared for the plant worker, 
graduate student, and research scientist. The book 
includes an introduction to crystallography and X rays, 
and extended coverage of the Geiger-counter spec- 
trometer, small-angle scattering methods, radial- 
distribution techniques, analysis of powder mixtures, 
precision determination of lattice constants, and recent 
developments in crystallite size determination. Ex- 
amples are freely used to illustrate concepts and pro- 
cedures. 


THE YOUNG ENGINEER. Simplified Science and 
Engineering. By Charles B. Broschart. Exposition 
Press Inc., 386 Fourth Avenue, New York 16, N. Y., 
1954. 243 pages, 81/4 by 51/2 inches, bound. $3.00. 
In this book, written for the father with a questioning 
son, answers to a wide variety of questions, such as 
“What makes an airplane stay up?” and “How does a 
steam engine work?”, are presented in a language that a 
boy or young man can readily understand. The 
author, an electrical engineer, has included a good deal 
of information in relatively small compass on ships, 
engines, automobiles, natural phenomena, electric 
devices, and other subjects, thus making the book useful 
also is a means to interest boys in engineering as a career. 


ADVANCES IN ELECTRONICS AND ELECTRON 
PHYSICS. Volume VI. Edited by L. Morton. 
Academic Press Inc., 125 East 23d Street, New York 10, 
N. Y., 1954. 538 pages, 9!/4 by 6 inches, bound. 
$11.80. The title of this year’s volume has been 
changed from “‘Advances in Electronics” in order to ex- 
press the coverage of the series more clearly. As in 
previous years, the present volume includes critical re- 
views of developments in a variety of fields; namely, 
metallic conduction at high frequencies and low tem- 
peratures; relaxation processes in ferromagnetism; 
physical properties of ferrites; space-charge-limited 
currents; traveling-wave tubes; comparison of analo- 
gous semiconductor and gaseous electronics devices; 
the electron microscope; and paramagnetism. 


ALTERNATING-CURRENT AND TRANSIENT 
CIRCUIT ANALYSIS. By Harris A. Thompson. 
McGraw-Hill Book Company, Inc., 330 West 42d Street, 
New York 36, N. Y., 1955. 317 pages, 9!/« by 61/4 
inches, bound. $6.75. A textbook for a first course in 
the subject for students with the usual preparation in 
physics, d-c circuit analysis, and differential and integral 
calculus. Essentials of a-c circuit analysis are presented 
with emphasis on the student gaining profficiency in 
their application, and transient analysis is developed 
from traditional methods in which the basic behavior of 
electric circuit parameters is emphasized. A chapter 
on mathematical analogues is included. 


AMERICAN MEN OF SCIENCE. Volume I: 
Physical Sciences. Edited by Jaques Cattell. R. R. 
Bowker Company, 62 West 45th Street, New York 36, 
N.Y., 1955. 2,180 pages, 11!/4 by 73/4 inches, bound. 
$20. When complete in three volumes, the new edition 
of this standard biographical directory will contain al- 
most double the number of names in the previous (1949) 
1-volume edition. The present volume includes over 
43,000 biographies of living Americans and Canadians 
who have contributed to the advancement of physics, 
mathematics, chemistry, biological chemistry, meterol- 
ogy, oceanography, acoustics, and research engineering. 
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Authoritative information is given on date of birth, 
marital status, number of children, position, education, 
professional background, special fields of research, and 
society membership. Volumes II and III, to be pub- 
lished, will cover the biological and social sciences. 


APPLIED GEOPHYSICS. In the Search for Minerals. 
By the late A. S. Eve and D. A. Keys. Cambridge 
University Press, 32 East 57th Street, New York 22, 
N.Y., fourth edition, 1954. 382 pages, 83/4 by 51/2 
inches bound. $7.50. An _ introductory textbook 
which combines the theoretical and practical approach 
in dealing with magnetic, electrical, electromagnetic, 
gravitational, seismic, and radioactive methods of 
exploration. Various well-logging methods are dis- 
cussed in a separate chapter. Recent developments 
which have occurred since publication of the previous 
edition in 1938 are taken into account, and new material 
is included on aerial survey instruments, gravimeters, 
seismic reflection, and methods of locating radioactive 
ores. 


AUTOMATIC CONTROL BIBLIOGRAPHY. By 
Warren F. Wade and Emory N. Kemler. Summary 
Reports. P. O. Box 176, Spring Park, Minn., 1955. 
331 pages, 9 by 7 inches, bound. $15. This bibliog- 
raphy lists alphabetically by authors, 1,600 British and 
American periodical references, 1900-1954, most of them 
briefly annotated. In a partial attempt to classify the 
articles, lists by applications and areas of interest (e.g. 
automation, control panels, paper industry) are given 
following the alphabetical section. A bibliography of 
120 books, of which a few are in French and a few in 
German, and a list of periodicals in the field are also 
included. 


DYNAMICAL THEORY OF CRYSTAL LATTICES. 
By Max Born and Kun Huang. Oxford University 
Press, 114 Fifth Avenue, New York 11, N.Y., 1954. 
420 pages, 9'/2 by 61/4 inches, bound. $8. The first 
part of this treatise consists of three chapters on atomic 
forces, lattice vibrations, and elasticity and stability, 
prepared by Dr. Huang as introductory material of a 
more elementary character which leads gradually to the 
more difficult general theory of the second half of the 
book. The second part presents the theoretical work of 
Professor Born in four chapters covering the quantum 
mechanical foundation, the method of long waves, free 
energy, and optical effects. 


ELECTRONIC MEASURING INSTRUMENTS. 
By E.H. W. Banner. Chapman and Hall Ltd., London, 
England, 1954. 395 pages, 9 by 6 inches, bound. 45s. 
The major part of this book deals with electronic devices 
used in measuring instruments—the cathode-ray tube, 
rectifiers, radiation detectors, etc.—and with specific 
instruments using these devices. The last-named in- 
clude instruments in which the tube is the device making 
measurement possible, photoelectric instruments, the 
radiation thickness gauge, and others. A_ separate 
section is devoted to instruments containing some elec- 
tronic element; the resistance strain-gauge, transducers, 
magnetic amplifiers, and so on. Indicating instru- 
ments are discussed briefly in the first chapter. 


ENGINEERING UNITS AND THE STROUD CON- 
VENTION. By F. W. Thorne and A. C. Walshaw. 
Blackie and Son Ltd., Glasgow, Scotland, 1954. 99 
pages, 8!/2 by 5!/2 inches, paper. 3s.6d. The Stroud 
convention is a method of simple analysis which utilizes 
standard symbols representing physical quantities to 
form physical formulas or equations; then by replacing 
each symbo] by a number multiplied by a proper unit 
in dealing with the arithmetical stage a numerical solu- 
tion is obtainable. The further use of “unity brackets” 
(simple conversion forms) allows mixtures of units to be 
reduced to a consistent system. 


ERWARMUNG UND KUHLUNG_ ELEKTRI- 
ISCHER MASCHINEN. By Gottfried Gotter. 
Springer-Verlag, Berlin, Germany, 1954. 328 pages, 
91/2 by 6'/2 inches, bound. DM 34.50. Intended for 
practicing electrical engineers as wel] as for advanced 
students, this text deals with the heating and cooling of 
electric machinery. After considering the fundamentals 
of heat transfer, the book takes up the following: 1- 
dimensional problems; time-variable processes; effect 


formulas accompany many of the graphs, which are 
of the simple type giving the solution at the inter- 
section of two lines traced from the known quantities. 


HUMAN LIMBS AND THEIR SUBSTITUTES. 
Edited by Paul E. Klopsteg, Philip D. Wilson, and 
others. Sponsored by Advisory Committee on Artificial 
Limbs, National Research Council. McGraw-Hill 
Book Company, Inc., 330 West 42d Street, New York 
36, N.Y., 1954. 844 pages, 9!/4 by 61/4 inches, bound. 
$12. Twenty-five medical and engineering studies in 
the field of modern prosthetics are published in this 
volume under four broad groupings: medical problems 
of the amputee, the upper limb and its substitutes, the 
lower limb and its substitutes, and adjustment of the 
limb to the amputee. Of particular interest to engineers 
are studies dealing with biomechanics of limbs, design of 
hands and hooks, materials for artificial limbs, controls 
and power sources for the electric arm, and others. 
References are listed after each chapter. 


THE DILWORTH STORY. By Franklin M. Beck. 
McGraw-Hill Book Company, 330 West 42d Street. 
New York 36, N.Y., 1954. 105 pages, 81/4 by 51/2 
inches, bound. $3. An informal biography, which in 
addition to describing Dilworth’s work at the Electro- 
Motive Division of General Motors in developing the 
first successful diesel-electric passenger locomotive, 
records his contributions to a number of other techno- 
logical innovations. These include the first experi- 
mental diesel engine constructed in the United States, 
the gas-electric rail car, and the distillate-burning engine. 


INTRODUCTION TO U.H.F. CIRCUITS AND 
COMPONENTS. By Milton S. Kiver. D. Van Nos- 
trand Company, Inc., 250 Fourth Avenue, New York 3, 
N.Y., 1955. 408 pages, 9!/4 by 6 inches, bound. $7.50. 
A simplified presentation of interest to those concerned 
with the production, installation, and maintenance of 
uhf equipment, this book covers specific components— 
transmission lines, waveguides, and cavity resonators; 
methods of generating higher frequencies, including os- 
cillators, the resonatron, and traveling-wave tubes; 
antennas; uhf measurements; and radio and television 
receivers. An introductory chapter discusses the 
changes necessary in adapting familiar tuning circuits to 
higher frequencies, 


KEMPE’S ENGINEER’S YEAR-BOOK FOR 1955. 
Edited by C. E. Prockter. Morgan Brothers, Ltd., Lon- 
don, England, 60th edition, 1955. Two volumes, 7 by 
5 inches, bound. 75s/2 vol. Although revisions in the 
present edition of this comprehensive handbook are 
chiefly confined to details, some additional information is 
included on shell molding, geared couplings, and the 
preparation of rolls. New material has also been added 
to chapters on electronic engineering, flow metering, and 
explosives, 


MAGNETIC AMPLIFIERS. By H.F.Storm. John 
Wiley and Sons, Inc., 440 Fourth Avenue, New York 
16, N.Y., 1955. 545 pages, 9!/4 by 6 inches, bound. 
$13.50. Directed to practicing engineers and advanced 
students, this book explains the fundamentals underlying 
the operation of static (nonrotating) magnetic amplifiers 
and illustrates their chief uses. The major part of the 
book is the discussion of theory, limited to single-phase 
operation and dealing with the whole range of amplifiers 
from the ordinary saturable reactor to the saturable- 
reactor circuit with blocked intrinsic feedback. Mag- 
netic materials and testing are also fully discussed. A 
separate section is devoted to components, and six 
chapters cover a wide variety of uses of different types of 
amplifiers. An extensive bibliography is included 


MODERN ASPECTS OF ELECTROCHEMISTRY. 
Edited by J. O’M. Bockris. Academic Press, Inc., 125 
East 23d Street, New York 10, N.Y., 1954. 344 pages, 
83/4 by 51/2 inches, bound. $6.80. Five selected topics 
in. fields in which recent significant advances have been 
made are treated in this volume. Three of the chapters 
are chiefly devoted to a balanced summary of existing 
knowledge. These cover the physical chemistry of 
synthetic polyelectrolytes, electrode kinetics, and elec- 
trochemical properties of nerve and muscle. The re- 





of heat on materials, operation, and individual el 5 
thermal calculations of transformers; cooling of rotary 
machines; practical hints on testing. 


FALK’S GRAPHICAL SOLUTIONS TO 100,000 
PRACTICAL PROBLEMS. Prepared and edited by 
Karl H. Falk. Columbia Graphs, Columbia, Conn., 
fourth edition, 1954. 419 pages, 83/4 by 51/2 inches, 
bound. $6. A compilation of 400 worked-out graphs 
covering standard calculations for a wide range of prac- 
tical problems in mechanics, hydraulics, physics, chem- 
istry, shop work, construction, electricity, weights and 
measures, and other fields. In this edition, workable 
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g chapters—on ionic solvation and equilibrium 
properties of electrified interphases—are critical dis- 
cussions covering recent advances, but also suggesting 
areas where new advances are urgently needed. 


MULTIPOLE FIELDS. By M. E. Rose. John 
Wiley and Sons, Inc., 440 Fourth Avenue, New York 16, 
N.Y., 1955. 99 pages, 91/4 by 6 inches, bound. $4.95. 
In this small volume the oneest of angular momentum 
and some recent applicabl in the algebra 
of irreducible tensors are anniegel | in the description of 
the electromagnetic field. The first three chapters de- 
velop the theory of multipole fields, the last three apply 
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it to a few problems in nuclear physics: retarded elec- 
tromagnetic interaction, internal conversion, and emis- 
sion of gamma radiation. A general knowledge of 
quantum mechanics and electromagnetic theory is as- 
sumed. 


NATIONAL ELECTRONICS CONFERENCE, PRO- 
CEEDINGS. Volume 10, 1954. National Electronics 
Conference, Inc., 84 East Randolph Street, Chicago, 
TH., 1955. 808 pages, 9!/4 by 61/4inches, bound. $5.00 
Eighty-six technical papers on magnetic amplifiers, 
servomechanisms, microwaves, circuit theory, and a 
wide range of subjects in the field are included. A 
special feature of this year’s volume is a cumulative index 
covering volumes 1 to 10. 


PHYSICS: A DESCRIPTIVE INTERPRETATION 
By C. H. Bachman. John Wiley and Sons, Inc., 440 
Fourth Avenue, New York 16, N.Y., 1955. 497 pages, 
85/3 by 51/2 inches, bound. $5.50. This book has been 
designed to present to nonscience students a_ well- 
rounded up-to-date well-illustrated readable account of 
the subject, and to encourage them to recognize and 
understand physical principles in things about them. In 
the first part of the book the author discusses basic con- 
cepts; the electromagnetic spectrum; particle physics; 
the classical branches; earth physics; and astrophysics. 
In the second part physical principles are applied to the 
understanding of the human body—vision, body me- 
chanics, etc.—and to selected engineering problems 
The author’s method is descriptive, without recourse to 
mathematics. 


DIE PRUFUNG DER ELEKTRIZITATSZAHLER 
By Karl Schmiedel. Springer-Verlag, Berlin, Germany, 
fourth edition, 1954. 234 pages, 9'/4 by 61/« inches, 
bound. DM24.50. This manual on electric meter 
testing provides a comprehensive survey of the important 
methods and equipment. Assuming a knowledge of 
fundamentals of electrical engineering and electric 
meters, the book includes discussion of limits of error 
and their determination, current sources and regulators, 
compensators, meter relay circuits, stroboscope equip- 
ment, and monitoring circuits. 


STAUANLAGEN UND WASSERKRAFTWERKE. 
Part III: Wasserkraftwerke. By Heinrich Press. Wil- 
helm Ernst and Sohn, Berlin, Germany, 1954. 340 pages, 
91/2 by 68/4 inches, paper. DM35.00. The design, 
construction, and operation of hydroelectric power plants 
are dealt with in this third volume of a series on dams and 
power plants. It covers structural details, turbines, and 
auxiliary installations—both high and low head, and 
methods of calculation of waterhammer, head losses 
etc. Underground and submerged plants are included 


TRANSISTORS: THEORY AND APPLICATIONS. 
By Abraham Coblenz and Harry L. Owens. McGraw- 
Hill Book Company, Inc., 330 West 42d Street, New 
York 36, N.Y., first edition, 1955. 313 pages, 9'/4 by 
61/4 inches, bound. $6. The basis of this volume is a 
series of articles published in Electronics, March 1953- 
January 1954, now considerably revised and expanded 
for book publication. In its present form it provides 
an essentially practical treatment of transistors, showing 
principles of operation, how they are made, and how 
they are applied in electronic circuits. Theory is 
presented with a minimum of mathematics and with 
emphasis on applications, and information is included 
on manufacturing process, testing, and use of both silicon 
and ger tr 3. Chapter bibliographies are 
provided. 





VIBRATION PROBLEMS IN ENGINEERING. By 
S. Timoshenko. D. Van Nostrand Company, Inc., 250 
Fourth Avenue, New York 3, N.Y., third edition, 1955. 
468 pages, 9'/4 by 6 inches, bound. $8.75. This stand- 
ard work on fundamentals and applications of vibration 
theory has been thoroughly revised to incorporate im- 
portant new developments. The first chapter, on 
systems having one degree of freedom, has been 
thoroughly recast; the chapter on nonli vibrations 
has been expanded to include new methods of treatment; 
and the chapter covering elastic bodies has been com- 
pletely revised. In the last, new topics, such as com- 
bined bending and torsional vibrations of beams, are dis- 
cussed. The appendix, dealing with measuring instru- 
ments, has been omitted from this edition. 





YAGI-UDA ANTENNA. By Shintaro Uda and 
Yasuto Mushiake. Research Institute of Electrical 
Communication, Tohoku University, Sendai, Japan 
(available from Maruzen Company, Ltd., P. O. Box 605 
Tokyo Central, Tokyo, Japan) 1954. 183 pages, 8'/s 
by 6 inches, bound. $4. In developing the general 
theory of this vhf-uhf antenna in the first part of this 
study, the authors deal with linear antennas, input im- 
pendances of two parallel antennas, and the theory of an 
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antenna with discontinuous thickness. Later chapters 
treat in detail the design of 2- and 3-element antennas, 
the folded antenna, and a number of related problems. 
Practical examples of Yagi-Uda antennas are described. 


AUTOMATIC FEEDBACK CONTROL SYSTEM 
SYNTHESIS. By John G. Truxal. McGraw-Hill 
Book Company, Inc., 330 West 42d Street, New York 
36, N. Y., 1955. 675 pages, 91/4 by 6/4 inches, bound. 
$12.50. Intended as a text for a graduate course in 
servomechanisms and as a reference book for engineers 
in industry, this book reviews the elements of Laplace 
transform and complex function theory and treats in de- 
tail basic concepts of feedback theory; design in terms of 
the Laplace transforms; statistical design fundamentals 
and applications; and the analysis of nonlinear feed- 
back systems. Although the main emphasis is on theory, 
some practical examples are used to illustrate the dis- 
cussion, 


AUTOMATIC PROTECTION OF A.C. CIRCUITS. 
By G. W. Stubbings. Revised and edited by C. M. 
Dobson, Chapman and Hall, Ltd., London, England, 
fourth edition, 1954. 355 pages, 83/4 by 51/2 inches, 
bound. 50s. This study deals with the theory of pro- 
tective transformers, with their characteristics under nor- 
mal and fault conditions, and with their interconnection 
in the various ways required for automatic protection. 
It also treats the theory, construction, and operating 
characteristics of protective relays, and the assembly of 
transformers and relays for the protection of electric 
machinery and cable networks. A separate chapter is 
devoted to testing and maintenance of equipment. 


BETRIEB UND ANWENDUNG VON LEISTUNGS- 
UND REGELTRANSFORMATOREN. By Fritz 
André. Springer-Verlag, Berlin, Germany, 1954. 
319 pages 91/4 by 61/4 inches, bound. DM33.00. A 
treatise on the operation and application of power and 
regulating transformers, designed to provide engineers 
with the necessary information for the proper selection 
and operation of modern equipment. Detailed sketches 
and graphs accompany the descriptive treatment of the 
various types. 


THE BOMB, SURVIVAL AND YOU. By Fred N. 
Severud and Anthony F. Merrill. Reinhold Publishing 
Corporation, 430 Park Avenue, New York 22, N.Y., 
1954. 264 pages, 91/4 by 6 inches, bound. $5.95. 
The authors—a structural engineer and a journalist with 
first-hand experience with urban bombings in England— 
have attempted to bring together all pertinent informa- 
tion in a form that will be of interest to engineers, archi- 
tects, civil defense workers, and laymen. They discuss 
characteristic effects of atom bombs; data from Hiro- 
shima and Nagasaki; fire control; shelter construction; 
protection of machinery; strengthening existing struc- 
tures; and design of bomb-resistant buildings. The de- 
sign information included is of a general nature and will 
be supplemented by a second volume containing mathe- 
matical analyses of blast loadings. 


ELECTROPLATING ENGINEERING HANDBOOK. 
Edited by A. Kenneth Graham. Reinhold Publishing 
Corporation, 430 Park Avenue, New York 22, N.Y., 
1955. 650 pages, 10!/4 by 7 inches, bound. $10.00. 
More than 40 experts have contributed to this compre- 
hensive practical handbook for electroplaters, electro- 
plating engineers, designers, manufacturers, and other 
users of electroplating. The first of the two parts of the 
book covers general processing information: tables of 
data on chemicals and metals; cleaning; electropolish- 
ing; water; wastes; metal surface treatments; design 
of parts; both compositions; etc. Part II deals with 
installations; including floors and foundations; tanks; 
linings; current sources; automatic plating machines; 
filtration; and other engineering and operating con- 
siderations. A glossary precedes the main text, 


ELEKTROSTATIK IN DER TECHNIK. By Ulrich 
Neubert. R. Oldenbourg, Munich, Germany, second 
edition, 1954. 194 pages, 91/4 by 6 inches, paper. 
DM 19.80. This textbook on electrostaticsin engineering 
summarizes and gives a systematic interpretation of the 
present knowledge of the subject. It covers funda- 
mentals, testing equipment, both old and new types of 
electrostatic apparatus, and industrial applications. 
Actual installations are described in an appendix. 


ELEMENTS OF POWER SYSTEM ANALYSIS. By 
William D. Stevenson, Jr. McGraw-Hill Book Company, 
Inc., 330 West 42d Street, New York 36, N.Y., 1955. 
370 pages, 9!/4 by 61/4 inches, bound. $7.50. A text 
for senior electrical engineering students, covering pa- 
rameters of electric transmission lines, fault calculations, 
transmission-line calculations in the steady state, and 
power system stability, particularly under transient 
conditions. A large number of examples showing the 
details of solution of varied types of problems are in- 
cluded. 
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PAMPHLETS eeeece 


The following recently issued pamphlets may be of 
interest to readers of ‘‘Electrical Engineering.”’ All 
inquiries should be addressed to the issuers. 


Electrical Equipment You Can Build. 
Designed primarily for use in 4-H electric 
programs and other rural youth programs, 
this booklet has detailed plans for more than 
50 pieces of equipment that can be built and 
used around the home or on the farm. The 
new booklet contains plans for indoor and 
outdoor lighting equipment, shop equipment, 
signal systems, and productive equipment for 
the farm ranging from simple brooders and 
electric hotbeds to a mechanical dairy feeder. 
Background information is included for 
each piece of equipment and drawings show 
materials needed and procedure to follow 
during construction. Many of the plans in 
the booklet have been adapted from plans 
suggested by extension service specialists 
and by power supplier representatives who 
work closely with 4-H Club boys and girls 
and other rural youth groups. 32 pages. 
Copies of this booklet (B-6577) are available 
to power suppliers for $4.50 per 100. Single 
copies will be mailed free of charge. Write 
to Westinghouse Farm Youth Activities, 
P. O. Box 2278, Pittsburgh 30, Pa. 


Abstracts of Theses. Publication of ab- 
stracts of the 174 theses accepted for the 
doctor’s degree at the Massachusetts Institute 
of Technology (MIT) during the period be- 
tween September 1952 and July 1953 has 
been announced by the MIT Office of 
Publications. Also listed are the titles of 
theses presented for engineer’s and master’s 
degrees in the academic year 1952-1953. 
Abstracts are included of theses presented in 
the departments of electrical engineering, 
aeronautical engineering, biology, chemical 
engineering, chemistry, civil and sanitary 
engineering, economics and social science, 
food technology, geology and geophysics, 
mathematics, mechanical engineering, metal- 
lurgy, meteorology, and physics. Micro- 
films or photoprints of each complete thesis 
text may be ordered from MIT by reference 
to the information given in the publication. 
Offset copies of the engineer’s and master’s 
theses are also available on a similar basis. 
276 pages. $2.50. Copies of the 1952-1953 
‘Abstracts of Theses”? publication are avail- 
able from the MIT Office of Publications. 


Calling All Jobs. ‘‘Automation,” a word 
which often strikes fear in the heart of the 
factory employee, actually describes a ma- 
chine age which is the worker’s best friend, 
according to a report published by the Na- 
tional Association of Manufacturers (NAM). 
This booklet is designed to end such fears. 
Historical examples are used to show that 
every improvement of the machine age which 
has increased productivity has increased the 
total number of jobs, thus proving that auto- 
mation is the friend of the worker rather 
than his enemy. The NAM study notes, for 
example, that General Motors’ employment 
has risen 200,000 in the past few years in 
spite of all the new and modern automatic 
equipment installed. Quotes from the Ford 
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Motor Company point out that “auto- 
mation at Ford conserves manpower, but it 
does not eliminate men from the industrial 
scene; instead it saves men from many bur- 
dens and hazards and gives them jobs which 
utilize their brainpower more effectively.” 
It is told, in layman’s language, how some of 
the automatic gadgets, such as electronic 
brains and digital computers, are making the 
United States the most productive nation 
the world has ever known. Also, a new era 
of rapidly rising living standards, spurred by 
automation, is foreseen. 24 pages. Copies 
are 10¢ each up to 100. For quantity order, 
the price is reduced. Send to National Asso- 
ciation of Manufacturers, 2 East 48th Street, 
New York 17, N. Y. 


Engineers’ Job Directory. This guide is 
specifically for the young engineer—to help 
him research the better job market. One 
hundred and twenty-nine participating com- 
panies have co-operated in presenting key 
facts in capsule form, giving precise infor- 
mation about their companies, industry, 
year founded, products, number of em- 
ployees, and whom to contact. This enables 
the engineer to co-ordinate and match his 
interests and capabilities in getting the right 
job with the right firm. Participating com- 
panies include: Alcoa; American Steel and 
Wire Division, Babcock and Wilcox Com- 
pany; Continental Can; Goodyear Tire 
and Rubber Company; International Busi- 
ness Machines; Minneapolis Regulator 
Company; National Cash Register Com- 
pany; Pittsburgh Plate Glass Company; 
and Radio Corporation of America. Also 
included is a unique index section. Com- 
panies indicate the types of engineers they 
want—electrical, chemical, mechanical, etc. 
The index also lists the plant, sales, and re- 
search laboratory locations by cities and 
states. Another section lists the companies 
interested in undergraduates for summer jobs. 
This enables young engineers to gain experi- 
ence with these companies. $2.25. Copies 
may be obtained from Decision, Inc., 105 
East Fourth Street, Cincinnati 2, Ohio. 


Professional Engineering Registration 
Laws. This is a compendium of registra- 
tion laws for professional engineers in the 
48 states, Alaska, Hawaii, Puerto Rico, and 
the District of Columbia. The book has 
been compiled by Alfred L. McCawley, 
attorney and former Missouri State Senator. 
The compendium is the culmination of an 
extensive research project undertaken by Mr. 
McCawley under the sponsorship of the 
National Society of Professional Engineers. 
The book presents, state by state, the exact 
legal requirements that must be met for pro- 
fessional practice. It is a reference volume 
designed for the professional engineer or the 
engineer-in-training who plans to practice 
on a permanent or part-time basis in another 
state or territory. Covered in detail are 
such elements of the state laws as temporary 
permits, fees and bonds, the filing of maps, 
certificate applications, education require- 
ments, examinations, and public works 
projects. The laws are cited for reciprocity, 
registration renewals, corporate and partner- 
ship practice, revocation of registration, and 
violations and penalties. 614 pages. $8.75. 
The book may be ordered from the Trustee 
Publication Fund, Jefferson City, Mo. 
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SPEED CONTROL BY 


CONTROL i aa 
YNAMATIC 


STATION 
How it Works — What it Does — 
Why it’s Better 


Increased production, reduced costs, improved quality 
of product, and more complex processing techniques 
demand an ever increasing use of stepless adjustable 
speed drives, Dynamatic eddy-current equipment in 
one form or another attains these objectives. 








AC LINE 
ELECTRONIC CONTROL 


Dynamatic Ajusto-Spede® Drives, Air and Liquid 
Cooled Couplings, Air and Liquid Cooled Brakes, 
Absorption, Motoring, and Universal Dynamometers 
operate on the same basic electro-magnetic principle. 


A typical installation pictorially illustrates the sim- 
plicity and minimum components required to obtain 














controlled adjustable speed. 


Basic Principles of Operation 


MAGNETIC LINES OF FORCE 
FLOW THROUGH IRON RING 





The transmitting of torque by Dynamatic 
eddy-current devices is based upon a 
simple magnetic principle easily demon- 
strated by the physics experiment, using 
a horseshoe magnet, iron filings, and a 
piece of cardboard. If several unmagnet- 
ized soft iron bars in the shape of a U, 
illustrated in the above drawing, are in- 
serted in an insulated coil of wire, the 
bars will become magnets when direct 
current flows through the coil. Strength 
of the magnetic field is determined by 
the current flowing and the number of 
turns in the coil. By adding a solid ring 
of soft iron, encircling the poles of the 
electromagnets, the magnetic lines of 
force will flow through the ring. The basic 
construction of all Dynamatic eddy-cur- 
rent rotating equipment is then simulated. 


The illustration shows magnetic lines of 
force with no relative rotation between 
the ring and magnets. When the field 
assembly (magnets and coil) is rotated 
mechanically, the iron ring separated 
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from it by a nominal air gap remains 
stationary until current is applied to the 
coil. With the coil energized, mechanical 
rotation of the magnets produces move- 
ment of magnetic flux in the ring, creat- 
ing eddy-currents in the ring. These in- 
duced currents develop a second magnetic 
field. Its strength is determined by the 
strength of the primary field and the rela- 
tive speed difference (slip) between the 
two members. In the eddy-current cou- 
pling, attraction of these two fields cause 
the ring to follow the field magnets in 
rotation. When the coil current is varied, 
the eddy-currents will be proportionately 
affected, and torque produced at the out- 
put shaft will be similarly changed. 


A typical eddy-current coupling torque 
curve with rated excitation and additional 
curves with reduced excitation is shown. 
In the same figure, a constant torque and 
fan torque load curve is plotted. Excess 
torque, which is a measure of accelerating 
capacity, is indicated. The Dynamatic 
coupling transmits this torque from a 
driving member, that may be either the 
drum ring or field magnets, to a driven 
member without mechanical contact. 


Because of the extremely small excitation 
requirements, Dynamatic units lend them- 
selves readily to electronic or magnetic 
amplifier control. 


By taking advantage of the very high 
amplification factor of these controls, the 
largest couplings can be easily and con- 
veniently controlled with a small adjust- 
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ing potentiometer. The voltage output 
of a permanent magnet alternator mounted 
on the coupling output shaft varies di- 
rectly with the shaft speed. This variable 
voltage signal modulates the controi, 
automatically maintaining the selected 
speed of the coupling output shaft, within 
close limits, over a wide speed range. 


A 


A 


. bib 
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Other features are easily incorporated— 
constant tension, controlled acceleration, 
threading, jogging or inching, torque 
limit, speed matching, and many others. 


The relative simplicity, smoothness of 
operation, accuracy, ease of control and 
low maintenance of Dynamatic eddy- 
current equipment are factors meriting 
serious consideration of this type of 
equipment on almost all adjustable speed 
applications. 


A free copy of the Dynamatic General 
Bulletin describing eddy-current equip- 
ment in more detail is available. Write 
for your copy. 


EATON MANUFACTURING COMPANY 


* KENOSHA, WISCONSIN 
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DataReader 
Model: 546 


A transport unit for high speed 
searching, reading and recording 
of data on magnetic tape. 


Applications 


Include: 


High-Speed 
Computing 


Data 


Processing 


Automatic 


Control 


Telemetering 


PERFORMANCE: 


RAPID START—STOP—REVERSE—from 
stop to full speed in 6 milliseconds. 
HIGH TAPE SPEED— optional single 
speed of 30, 40, 50, 60 or 75 in/sec. 
TWO-DIRECTION SEARCH—either di- 
rection, automatically at full speed. 
REMOTE OPERATION —forward, re- 
verse, stop, rewind and selection of 
reading and writing. 

VACUUM COLUMN TAPE CONTROL— 
provides strain-free tape feed over 
entire length of tape. 

END-OF-TAPE SENSING—stops auto- 
matically at either end of tape. 
RAPID REWIND—2400 ft. of 142” or 
%” tape in 3 minutes. 


FOR FURTHER INFORMATION WRITE 
ElectroData Corporation 
Component Sales Division 
717 No. Lake St., Pasadena 6, Calif. 


ElectroData 


An Affiliate of 
CONSOLIDATED ENGINEERING CORPORATION 
OF PASADENA, CALIFORNIA 
ElectroData Corporation maintains a nation- 
wide sales and service organization. 


14A Please mention ELECTRICAL ENGINEERING when writing to advertisers 





INDUSTRIAL 


New Offices for Servomechanisms. Effec- 
tive July 1, 1955, the executive offices of 
Servomechanisms, Inc., located at Garden 
City, N. Y., will be moved to the company’s 
Eastern and Western Divisions. The 
move is a result of the increased integration 
by the two divisions. The Eastern Divi- 
sion is located at Post and Stewart Avenues, 
Westbury, N. Y., and the Western Division 
at 12500 Aviation Boulevard, Hawthorne, 
Calif. 


RCA Completes Engineering Project. 
The Radio Corporation of America has 
announced completion of a new 5-building 
center that houses administration and 
engineering facilities for RCA consumer 
products and the RCA Service Company 
at Cherry Hill, N. J. The RCA Cherry 
Hill installation is located on a 58-acre 
tract between Haddonfield and Merchant- 
ville. The property is bounded by Route 
38, Haddonfield Road, and Chapel Avenue. 
Approximately 1,400 persons are employed 
at Cherry Hill. The 2- and 3-story build- 
ings house the executive, administrative, 
and engineering staffs of the RCA Victor 
Television Division, the RCA Victor Radio 
and ‘Victrola’ Division, and the RCA 
Service Company, Inc. 


Philco Forms New Division. To keep 
pace with the rapidly increasing demand for 
electron tubes and _ transistors, Philco 
Corporation has created a new division to 
be known as the Lansdale Tube and 
Transistor Company. William J. Peltz, 
formerly vice-president in charge of opera- 
tions for the Television Division, has been 
named vice-president and general manager 
of the Lansdale Tube and Transistor 
Company. 


General Electric News. Four new organ- 
ization changes affecting managerial per- 
sonnel of General Electric Lamp Division’s 
sales districts have been announced. 
Jack M. Lime, manager of Buckeye Sales 
District, has been appointed retail sales 
manager for the large lamp department 
at Nela Park, Cleveland, Ohio. In his 
new position, Mr. Lime succeeds Theodore 
C. Ohart, who was transferred to Water- 
ford, N. Y., to head marketing for the 
company’s Silicone Products Division. 
George S. Trotter has been appointed the 
new manager of Buckeye Sales District. 
Theodore C. Lauck has been named to 
succeed Mr. Trotter as manager of Texas 
Gulf Sales District. Succeeding Mr. Lauck 
as manager of Delta Sales District is 
Gordon E. Brown. 

General Electric plans to double the size 
of its new microwave research laboratory 
on Stanford University land at Palo Alto, 
Calif. Reason for the expansion stems 
from the rapid advances being made in the 
application of microwave electron tubes to 
the communications and radar industries. 
In addition to constructing 10,000 square 
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feet more floor space, the company is 
doubling its leasehold from 3 to 6 acres 
and will double the number of employees 
from 70 to 140 by the end of the year when 
the expansion is completed. Most of the 
employees are scientists, engineers, or 
skilled technical craftsmen. 


United States Steel Appointment. Harold 
R. Nelson has been appointed chief 
research engineer in the Research and 
Technology Division of United States 
Steel Corporation. In this newly created 
position, Mr. Nelson will supervise and 
co-ordinate research work in the application 
of automatic controls, instrumentation, 
and mechanization to steel processes. 


Alcoa Promotions. Two new assistant 
directors of research and three new division 
chiefs have been appointed at the Alumi- 
num Research Laboratories, New Kensing- 
ton, Pa. The new assistant directors are 
Ernest C. Hartmann and Dr. P. T. 
Stroup. The elevation of these two men 
has been accompanied by the appointment 
of Harry N. Hill to succeed Mr. Hartmann 
as chief of the Engineering Design Division 
and Dr. A. S. Russell to replace Dr. 
Stroup as chief of the Process Metallurgy 
Division. Dr. L. M. Foster has been 
named successor to Dr. Russell as chief of 
the Physical Chemistry Division. 


Raytheon Notes. Raytheon Manufac- 
turing Company, Waltham, Mass., has 
announced that it will purchase the large 
plant and property in Tewksbury, and 
South Lowell, Mass., which was formerly 
the South Lowell Ordnance Plant, later 
occuped by Davis Aircraft Company. 
The plant’s 210,000 square feet of produc- 
tion area have been converted to electronics 
manufacturing facilities, and have been 
operating as a Raytheon branch plant 
since 1952, under lease. Approximately 
700 employees are engaged in government 
classified work there. 

The opening of a new warehouse and 
sales office to speed the shipment of elec- 
tronic tubes and related products to 
customers and dealers in the Midwest has 
been announced by the company from the 
headquarters of its receiving and cathode- 
ray tube operations, in Newton, Mass. 
The new structure is at 9501 Grand 
Avenue, Franklin Park, Ill, on the out- 
skirts of Chicago. 


Allis-Chalmers News. Election of Harold 
M. Schudt as president, Canadian Allis- 
Chalmers Limited, has been announced 
by the General Machinery Division, Allis- 
Chalmers Manufacturing Company. The 
General Machinery Division of the parent 
Allis-Chalmers Company is in charge of 
operations of Canadian Allis-Chalmers 
Limited. He replaces Mark C. Lowe who 


(Continued on page 24A) 
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Remote Control and Instrumentation 


Comvor 


DATA TRANSMISSION 
Terminal 


Controls’ runcrions 


signals before information errors occur. 


TELEMETERING and ___ signals before information errors occu. 

imiting amplifiers are us © permi 

SUPERVISORY CONTROL operation with line levels varying from 

over Wire Lines, Telephone Lines, 0 to —40 dbm without affecting the data 
Microwave or Power Line Carrier information being transmitted. 


MODEL 912 


Uses common communication facilities 
for transmission: wire and telephone 
lines, microwave, and power line carrier. 
Terminals available as transceivers, 
dual transmitters, or dual receivers. 


Jury 1955 


The Model 912 Comvor is an audio fre- 
quency shift terminal which provides 
the means for simultaneous transmission 
of telemetering and supervisory control 
signals over a single communication 
facility. Up to 60 individual information 
channels are available in the audio spec- 
trum. Because of its reliability the fre- 
quency shift method of keying is used. 
Audio voltages are being transmitted at 
all times and therefore the noise normally 
found on communication circuits must 
become equal to or greater than the audio 


The equipment design was based on a sur- 
vey of field requirements which resulted 
in a compact inexpensive unit adaptable 
to most telemetering and control require- 
ments. All essential controls such as trans- 
mitter output level and receiver input 
level are included in the equipment. Each 
equipment contains its own power supply 
which provides an additional sixty milli- 
amperes at both the transmitter and 
receiver for the operation of relays, step- 
ping switches, and other components used 
in control applications. 
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DESIGNERS AND MANUFACTURERS OF COMMUNICATIONS EQUIPMENT SINCE 1922 
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3 WESTON 
CORMAG Mechanism 





Shown in combi- 
nation cutaway 
and phantom 


Why these WESTON 


PORTABLES 


excel in 





STABILITY...RUGGEDNESS...SHIELDING! 


Familiar in external appearance, all these portables are totally 
different inside. The movement employed is the highly stable, 
shelf-shielded WESTON CORMAG® mechanism. The dif- 
ference is evident, in service, in several ways. The movement 
is far more rugged... more resistant to vibration and shock 
... thus protecting instrument accuracy and dependability 
over far longer periods. There never need be concern about 
external magnetic fields, for the yoke design provides a per- 
manent magnetic shield...so efficient that an instrument may 
be used at a distance of only 15 inches from a conductor 
carrying 1000 amperes and show an effect of less than 1/10 
of 1%. And the instrument is far lighter in weight... more 


convenient in handling. Complete details on these Weston 
Cnunrertda. CORMAG® portables may be obtained from your local 
Vt) Weston representative, or direct from WESTON Electrical 


Instrument Corporation, 614 Frelinghuysen Avenue, 
Newark 5, New Jersey. 
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EXPERIENCE HAS TAUGHT US 
70 EXPECT TOP PERFORMANCE AND 
LOWEST OVERALL COST FROM 

"NATIONAL” BRUSHES. 


LOOKING = 
B FOR WAYS ‘=! 
TO SAVE 
MONEY? | 4 
® TRY THIS ONE: 


throughout your mine or mill, prove to yourself that this traditionally de- 
pendable brush line can effect the following savings for your department: 












































®@ Longer Brush Life — “National” brushes give you the most hours of 
trouble-free service consistent with other important performance factors. 
National Carbon research is continually at work on this and other features 
of “National” brushes. 


@ Lower Maintenance — Often much more important than frequency of 
brush replacement is commutator condition — a direct result of brush 
performance. The excellent commutating ability and low friction of 
“National” brushes contribute to low-cost commutator care. 






@ Uniformity — Brush quality is a link in the chain of dependability upon 
mis which-uninterrupted service of your equipment depends. National Carbon’s 

inspection procedure is designed to assure you of the same uniformly high 

quality year after year, from box to box and shipment to shipment. 









Brush selection is neither a small nor a simple thing. Install “National” 
brushes in accordance with recommendations of a National Carbon repre- 
sentative. Then expect and get the lowest overall brush cost you ever had! 





Are you getting the ‘Brush Digest’’? Many thousands of 
this free, serialized, motor maintenance course are being 
distributed to their men by electrical and maintenance 
supervisors. Write for your copies today! 


















The term National’, the Three Pyramids Device and the Silver Colored Cable Strand 
are registered trade-marks of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation, 30 East 42nd Street, New York 17, N.Y. 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco 
In Canada: Union Carbide Canada Limited, Toronto 
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In she goes. Cable was orginally 
pulled across the lake with a jeep. 
The steel armor on cable took up 
the pulling strain. 


Crew of men jockey the cable into 
position before cutting trench. 
Mr. Finch says, ‘We were amazed 
at the flexibility of the cable.” 


This is one of the two ice saws used for cutting the trench. It is gasoline 
powered, mounted on skids. 
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ll inches of hard ice... 






Cable without boats or barges 


@ The scene is Upper Saranac Lake, N. Y. Paul 
Smith’s Electric Light & Power and Railroad Com- 
pany wanted to lay a 2000-foot continuous length of 
Tiger Brand Submarine Cable under water. Ordinarily 
this would require expensive boats, barges and crews. 

But Raleigh Finch, General Superintendent, de- 
cided to wait for a big freeze, saw a slot in the ice, then 
drop the cable to the bottom. The cable was so flexible, 
that it only took 15 minutes to unroll the entire 2000 
feet onto the ice. The picture captions explain how the 
job was done. 





The cable involved is 2-conductor, 5000V, *4 AWG, 
steel armored, rubber insulated, non-leaded. It was se- 
lected because of its flexibility, light weight and low 
cost. The cable joins a previous Tiger Brand Sub- 
marine Cable that was laid in 1932. According to Mr. 
Finch, “‘We haven’t had a service failure in that cable 
since it was laid 24 years ago. In fact, we’ve never had 
a piece of Tiger Brand fail, in the 30 years that we’ve 
been using it.” 

Any user of electrical cable can have this same kind 
of reliable performance. Just switch to Tiger Brand. 


Elis 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS + TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
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A STANDARD TIGER BRAND CABLE 


FOR EVERY SPECIAL JOB! 


® asbestos wire and cable 
® mold cured portable cord 


® aerial, underground and 
submarine cable 


@ shovel & dredge cable 
® paper & varnished cambric cable 
® machine tool & building wire 


® special purpose wire & cable 


ELECTRICAL 
WIRE & CABLE 
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*C8.1 


> American In 


AIEE STANDARDS 


Standards on electric machinery and apparatus chiefly devoted to defining terms, condi- 
tions, and limits which characterize behavior, with special reference to acceptance tests. 


A discount of 50 per cent is allowed to Institute members except as noted. College and bona fide public reference libraries are allowed 
(except in special cases as noted below) a discount of 


General Principles Upon Which Temperature 
Limits Are Based in the Rating of Electric 
Machines and Other Equipment (Feb. 1954) 

General Principles for Rating of Electric Appa- 
ratus for Short-Time Intermittent or Varying 
Duty (Sept. 1941) (A proposed supplement to 
No. 1) No charge for copies 

Report on Guiding Principles for Specification 
of Service Conditions (May 1944) 

Test Code for Evaluation of Systems of Insulat- 
ing Materials for Random-Wound Electric- 
Machinery (Jan. 1954) (A proposed supple- 
ment to No. 1) No charge for copies 

Guiding Principles for Selection of Reference 
Values for Electrical Standards (Oct. 1943). . 

Measurement of Voltage in Dielectric Tests 
(Sept. 1953) (ASA Cé68.1). 

Electric Railway Control Apparatus (Dec. 1931) 
(ASA C48) 

Mathematical Symbols (Jan. 1928) (ASA Z10f). . 

Capacitor Units (Dec. 1951) (ASA C55.1) 

Apparatus Bushings (July 1943) (ASA C76.1). . 

Air Switches, Insulator Units and Bus Supports 
(July 1952) 

Fuses Above 600 Volts (July 1952).. 

Wet Tests (July 1943) (ASA C77.1).. 

Capacitance Potential Devices cad Outdoor 
Coupling Capacitors (Jan. 1944) 

Neutral Grounding Devices (May 1947) 

Recommended Practice for Testing Insulation 
Resistance of Rotating Machinery (Apr. 1950) 

Recommended Practice for Electric Installations 
on Shipboard (Mar. 1955) 

Expulsion Type Distribution Lightning Arresters 
(Dec. 1945 

Potheads (Jan. 1948) 

Roof, Floor, and Wall Bushings (Jan. 1948) . 

Automatic Circuit Reclosers for A-C Distribu- 
tion Systems (Jan. 1953) 

Guiding Principles for Dielectric Tests (June 
1955) 

Guide for Temperature Correlation in the Con- 
nection of Insulated Wire and Cables to Elec- 
tric Equipment (Jan. 1953) 

Test Code for Direct-Current Machines (7/41) 

Test Code for Synchronous Machines (6/45) 

Master Test Code for Resistance Measurement 
(May 1949) 

Master Test Code for Temperature Measure- 
ment (Aug. 1950) 

Recommended Specification for Speed Govern- 
ing of Steam Turbines Intended to Drive Elec- 
tric Generators (May 1949) 

Preferred Standards and Standard Specification 
Data for Large 3600-rpm, 3-Phase, 60-Cycle 
gat Steam Turbine Generators (Jan. 

9 


Recommended Specification for Speed-Govern- 
ing of Hydraulic Turbines Intended to Drive 
Electric Generators (Sept. 1950) 

Aircraft D-C Apparatus Voltage Ratings (Oct. 


Test Code for D-C Aircraft Machines (Jan. 1953) 

Test Code for Aircraft Circuit Interrupting De- 
vices (July 1954) 

Recommended Practice for Measurement of 
Field Intensity Above 300 Megacycles from 
Radio-Frequency Industrial, Scientific, and 
Medical Equipments (Apr} 1952) 

Recommended Practice for Minimization of In- 
terference from Radio-Frequency Heating 
Equipment (May 1950) 

Definitions and General Standards for Wire 
and Cable (Dec. 1944; reaffirmed Oct. 1953) 


$ 0.80 


i 00 ( 
S838 


BB 


2 28B 8 8B 


.80 


.80 
40 


for non-member prices; dealers and subscription agencies 20%. 


*C8.18 Weather-Resistant Wire and Cable (URC Type) 
(Jan. 1948) 

*C8.19 Specifications for Weather-Resistant Saturants 
and Finishes for Aerial Rubber-Insulated 
Wire & Cable (Nov. 1939) 

Insulator Tests (Sept. 1944) (AIEE 41) 

Pool Cathode Mercury-Arc Power Converters 
(Jan. 1949) 

Relays Associated with Electric Power Appa- 
ratus (Mar. 1950)...... 

Automatic Station Control, Supervisory & Tele- 
metering Equipment (Dec. 1945) 

*C37.4 Alternating-Current Power Circuit Breakers 

(Dec. 1953) 
4*C37.4a ee Bushings (Aug. 1954) (.15 to AIEE 


mbe 

*C37.5 Methods for Determining the Rms Value of a 

Sinusoidal Current Wave and a Normal Fre- 
ncy Recovery Voltage and for Simplified 

Calculation of Fault Currents (Dec. 1953). 

Schedules of Preferred Ratings for Power Cir. 
cuit breakers (Feb. 1955) . 

Interrupting Rating Factors for Reclosing Serv- 
ice (Aug. 1952) 

—_ —_— Voltages and Their Ranges (Aug. 


*C29.1 
*C34.1 


*C37.1 
*C37.2 


*C37.6 
*C37.7 
*C37.8 
*C37.9 


1953) 

*C37.12 Guide Specifications for A-C Power Circuit 
Breakers (Aug. 1952) 

C37.13 i Voltage Air Circuit Breakers (including an 

pplication Guide) (Aug. 1954) 

C37.14 eat’ “gt for Low Voltage Air Circuit Breakers 
(Au 

C37.15 Rated 5 ore Voltages and Their Ranges for 
Low Voltage Air Circuit Breakers (Aug. 1954) 
@ (No discounts apply on price of these publications) 
*C37.20 Switchgear Assemblies and Metal-Enclosed Bus 
(Jan. 1955) (AIEE 27) 

*C39.1 Electric Indicating Instruments (Jan. 1951).... 

*C39.2 Direct Acting Electric Recording Instruments 
(April 1953) (.40 to AIEE members) 

*C50.20 Test Code for Polyphase Induction Motors and 
Generators (Dec. 1954) (AIEE 500) 

*C57@ Transformers, Regulators, and Reactors (May 
1948 and later sections) 

@ The following later sections are included in the above 
complete standard as now issued but may also be pur- 
chased separately at prices shown below. 

CS57.10 free Terminology for Transformers, Regu- 
lators ee | Reactors (Jan. 1953) 
CS57.11 free General Requirements for Trans- 
formers, Regulators and Reactors 
(Jan. 1953) 

Transformers 67,000 Volts and Below 
(Jan. 1954) 

Apparatus Bushings (Aug. 1954) (.15 
to AIEE members) 

Requirements for Instrument Trans- 
formers (Apr. 1954) (Also super- 
sedes 1948 edition of C57.23) 

Ca71s 80 ms mabe ae cad and _ Induction-Voltage 

lators (Dec. 1949) 
C57.25 50 Teat le for Step-Voltage and Induc- 
tion-Voltage Regulators (Dec. 1949) 
C57.33 .35 Guide for Loading and Operation of 
Instrument Transformers (Jan. 1953) 
Graphical Symbols for Electrical Diagrams 
(Mar. 1954) 
(No discounts apply to the price of this publication) 
: Letter Symbols for Electrical Quantities (6/49). . 
*Z24.7 Test Code for Apparatus Noise Measurement 
(December 1950) 
*Z32.9° Graphical Electrical Symbols for Architectural 
Plans (Feb. 1943) 
*732.13 Abbreviations for Use on Drawings (Oct. 1950). 


Total Cost of Complete Set (Non-Member) 
(Member) 


CS57.12a 1.00 
AC57.12b  .25 
C57.13 2.50 


*Y32.2 


*Z10.5 


* Approved as American Standard. 





40 
__ 1.00 


** A publication approved by the Standards Committee but not as a Standard. 


A C37.4a and C57.12b are combined on one sheet. 


stitute of Electrical Engineers 


33 West 39th Street, New York 18, N. Y. 
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because... AlSiMag is manufactured 
under strict quality control from the best 
materials available. 


because... Precision tolerances and su- 
perior workmanship are matters of routine 
with AlSiMag. 


because... Thoroughly trained Re- 
search and Engineering Staffs are available, 
without charge, to help with customer’s de- 
sign and application problems. 


because... AlSiMag represents the net 
result of over 53 years of specialized experi- 
ence in the technical ceramics field. 


because... With AlSiMag, you can be 
sure of receiving as many parts as you want 
—when you want them. Four large plants 
house an abundance of the most up-to-date 
mixing equipment, high-capacity presses, 
die and tool shops, huge kilns, skilled man- 
power. 


Your own experience will add many more reasons. 
specify AlSiMag on your next order for precision 
pressed or extruded ceramics . . . see how easy your 
buying job can become! 








sT#yYeER| MIMERICAN LAVA [ cHartanooca 5, TENNESSEE 


OF CERAMIC A Subsidiary of 


; or t > 
LEADERSHIP Co ww oe oO Re A T q Ee. op Minnesota Mining and Manufacturing Company 














Branch offices in these cities (see your local telephone directory): Cambridge, Mass. * Chicago, Ill. * Cleveland, Ohio * Dallas-Houston, Texas * Indianapolis, 
Ind. * Los Angeles, Calif. * Newark N.J. * Philadelphia-Pittsburgh, Pa. * St. Lovis, Mo. * South San Francisco, Calif. * Syracuse, N. Y. * Tulsa, Okla. 
Canada: Irvington Varnish & Insulator Div. Minnesota Mining & Mfg. of Canada, Ltd., 1390 Burlington Street East, Hamilton Ontario, Phone Liberty 4-5735. 





mai ono SPECIAL TRANSFORMERS 
BY LINDBERG 


Lindberg designs and manu- 
factures all types of special 
transformers to fit your pro- 
duction requirements. 

Just let us know your 
Alcoa Book Gives You the Facts on the Lowest sronelortinn pecans mae 
: . ed $ we will gladly provide the 
Cost Corrosion-Resistant Rigid Conduit! right answer. Write for 
Bulletin 1115. 

Be ready with the answers when the question of 


corrosion-resistant conduit comes up! Come up with TRANSFORMER DIVISION 
the right answer, the lowest cost answer: Alcoa® LINDBERG ENGINEERING COMPANY 


Aluminum Electrical Rigid Conduit. 2493 West Hubbard Street, Chicago 12, Illinois 
You’ll find all the facts on this lowest cost corrosion- 


resistant, nonmagnetic rigid conduit in this book 
published by Alcoa. Facts on applications, advantages, 
installation and sizes. Send for your free copy, today. - “ ee 
Have the facts at your finger tips when you need them! = ; Miniature, precision 


Just fill out the coupon and mail to: ALumMINuM ¢ LL UWUT¢c oa 


Company or AMERICA, j2325-G Alcoa Building, 
Pittsburgh 19, Pennsylvania. or Clutch Brake 


These components provide instantaneous re- 
sponse for use in electro-mechanical control 
systems, servo-mechaniisms, computers, mis- 
sile instrumentation, and other devices. 

Energizing the coil magnetically engages 
input and output shafts. De-energizing 
disengages shafts, and provides brake action 
ALUMINUM COMPANY GF AMERICA if desired. Energizing or de-energizing will 
induce no angular displacement error. 
Through output shafts allow concentric 


Please send me your book on the lowest cost corrosion-resistant input and output on the same end for use 


rigid conduit: Alcoa Aluminum Electrical Rigid Conduit. in gear train mounting. Standard coil volt- 
age is 28v dc, but can be modified to require- 


Name ments. Dia. 11/,”. Lgth. 13/,”. Wat. 6.6 ozs. 
Company : WRITE FOR DETAILS TODAY! 








Gentlemen: 








Address 
City 











New Alcoa Aluminum Bus Conductor makes 
bus systems stronger, lighter; cuts costs! Bus 
systems using Alcoa’s new No. 2 EC bus bar provide the 
best combination of strength, light weight and con- 
ductivity at a saving of up to 10%. Specify Alcoa 
Aluminum Bus Conductor. 


(ej Re} :}35 INDUSTRIES, INC. 


Generators « Governors fF 1795 STANLEY AVE. 
Servos « Blowers « Actuators DAYTON 4, OHIO 
Switches « Gyros e Vibrators 
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IN CANADA: Dominion Cutout Co., Ltd., Toronto 
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Another Engineering Achievement | 








SOUTHERN STATES TYPE RDC 
DOUBLE SIDE BREAK SWITCH 


One of the nation’s largest utilities said: “Give us 
a double break switch with low radio interference 
voltage characteristics, high momentary current 
rating, and complete protection against icing and 
corrosive contaminants.” 

The new Southern States Type RDC is the an- 
swer—truly a triumph in engineering. 

Here is a switch with high pressure silver-to- 
copper line contacts, a minimum rumber of current 
interchange points, shuntless design and wide angle 
blade rotation—plus Amplitact® contacts to pro- 
vide the greatest dependability under high short 
circuit conditions. All mechanisms are shielded. 

The Type RDC is a rugged, streamlined switch 
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with smooth, corona-resistant contours that result 
in extremely low radio influence voltages. It is 
operated by rotation of the center insulator stack, 
with the blade rotating through a wide angle to 
open or close after entering the contacts. 

Here are other outstanding features of the Type 
RDC: greaseless, non-corrosive ball bearings sup- 
port the switch blade; all force transmitting parts 
are made of high strength bronze; the switch blade 
is one continuous member from contact to contact. 

Get your Southern States representative to give 
you more complete details about the new Type RDC 
double side break switch, or if you prefer, write 
direct for full information. 








ca SINCE 1915 LEADERS IN AUTOMATIC CONTROL 





LA 


ZERO SET 





HOW TO ZERO-SET 
RANDOM PHASE VARIATIONS 


Many modern control devices are designed for applications where 
sensed input signals fluctuate randomly about an approximately known 
frequency. In some of these applications, the information is conveyed 
by the phase relationship within one cycle, and the random cycle-to- 
cycle phase variations often submerge the signal in noise. Filtering, or 
averaging, techniques may be extremely difficult to devise because of 
the requirement for use within one cycle. 

The ingenious electro-mechanical solution shown, above is a typical 
Ford answer to a difficult problem. It is rugged and reliable, yet com- 
pact and easy to service. In operation, a constant-speed motor drives a 
resolver at the required speed. The sensed input controls the operation 
of the clutch, and at each zero-crossing in the positive direction, de- 
couples the motor from the line. At the same time, the spring-loaded 
heart cam follower resets the synchro shaft to its zero position. 

In this manner, the resolver is reset to a prescribed phase relative to 
the signal at a fixed point of every cycle of the generated signal. 

This is another instance of how Ford’s engineering staff selects the 
most efficient device to solve a problem. Here at Ford mechanical and 
electronic devices are given consideration in solving any problem. 

Since 1915 the engineers at Ford Instrument Company have special- 
ized in such equipment as computers, controls, and servo-mechanisms 
in hydraulics, electronics, mechanics and magnetics for the Armed 
Forces and for industry. If you have problems in any of these fields, 
it will pay you to discuss them with Ford engineers. 


FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 


ENGINEERS 


of unusual abilities can find o future at FORD INSTRUMENT COMPANY. Write for information 
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resigned after being president of Canadian 
Allis-Chalmers Limited since 1951 and 
affiliated with the company since 1947. 
In his new capacity Mr. Schudt will be in 
charge of operations which include general 
offices in Lachine, Que., Canada, manu- 
facturing plants at Lachine and St. 
Thomas, Ont., and sales offices in Mon- 
treal, Toronto, Winnipeg, Calgary, and 
Vancouver. 

A multimillion dollar transformer and 
circuit breaker manufacturing expansion 
program at the Allis-Chalmers Terre 
Haute, Ind., and Gadsden, Ala., plants 
has been announced. Large high-voltage 
power transformers and high-voltage heavy- 
current circuit breakers will be manu- 
factured at the Terre Haute Works, and 
distribution transformers at Gadsden 
Works. Plans are being made for the 
erection of a new 114,000-square-foot 
building at Terre Haute. 


Sylvania Builds Warehouse. Construc- 
tion of a new warehouse in the Los Angeles, 
Calif., area to service Sylvania cellophane 
users on the West Coast has been an- 
nounced. This announcement came 
simultaneously with the promotion of 
Matthew G. O’Connor to West Coast 
district sales manager, and the appointment 
of L. E. Nash as sales representative for 
converter accounts. On completion of the 
warehouse in early fall, the Sylvania West 
Coast sales office will be moved from its 
present location at 1127 Wilshire Boule- 
vard, to the new building, situated on 
Corsair Street in the Vail Field area of 
the central manufacturing district of 
Los Angeles. 


Greist Aquisition. Air-Marine Motors, 
Inc., of Amityville, N. Y., and Los Angeles, 
Calif., has been acquired by The Greist 
Manufacturing Company of New Haven, 
Conn., through an exchange of stock. 
The new officers of Air-Marine Motors, 
Inc., will be David H. Thomas, president; 
Hubert M. Greist, executive vice-president; 
Merritt D. Vanderbilt, treasurer; John 
B. Wolff, Jr., vice-president and assistant 
treasurer; and Hector G. Dowd, secretary. 
There will be no other change in present 
operating personnel and policies of the 
company. 


New Division to Manufacture Automation 
Equipment. G. M. Giannini and Com- 
pany, Inc., has formed a division to be 
known as the Giannini Datex Division. 
The new autonomous division was formed 
in order to extend the automation activities 
of the Laboratory Apparatus Division. 
Activities will be expanded to include 
automatic control and data recording for 
industrial processes, and the conversion 
of data into digital form for use with 
digital computers. 


Smith Named Head of AMF Atomics 
Inc. General Walter Bedell Smith has 
been named chairman of the board, and 
president of American Machine and 
Foundry (AMF) Atomics Inc. AMF 
Atomics Inc., is a wholly owned and newly 


(Continued on page 30A ) 


24A Please mention ELECTRICAL ENGINEERING when writing to advertisers Jury 1955 
























Jury 1955 


UPTEGRAFF 


WINDINGS 


Long life is assured by the gen- 
erous use of high rag-content 
fullerboard insulation, tied-in 
turns to meet short circuit forces 
and heat-reactive insulating 
varnishes. 


CORE 


Made from high-grade oriented- 
type steel. Has low exciting cur- 
rent and low noise level, and re- 
mains permanently tight to insure 
consistent, quiet performance. 


TAP CHANGERS 
Uptegraff designs feature accessi- 
bility, legibility, short-circuit 
capacity, non-deformable mount- 
ings, 360° rotation stops and ex- 
ceptionally high insulation 
strength. 


R. E. UPTEGRAFF 
MANUFACTURING CO 


< Lalo Pas 
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TYPE 
UD 





BUSHINGS 


Securely clamped internally, with 




























generous gasket area to prevent 
failure of seals. High-voltage bush- 
ings (under 15 KV) have spring- 
loaded contacts; low-voltage have 
tinned contacts; both for either 
copper or aluminum conductors. 


TANKS 


All parts arc welded. Shot blasting 
assures adhesion of primer and 
finish coats of durable transformer 
paint. Rolled flange on cover per- 
mits high-pressure uniform gasket 
seal. 


SIZES AND RATINGS 
Type UD Transformers are built 
in sizes from 3 KVA to 100 KVA 
with ratings up to 15 KV. 


for free copy of new 
bulletin that details 


characteristics and 
other pertinentdata. 





R. E. Uptegraff Manufacturing Co. 
Scottdale, Pa. 


NAME 





ADDRESS. 
CITY. STATE 
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New O-B Class LK bushings now meet or ex- 
ceed all provisions of the ASA Standard. What 
does this standard mean to the user? 


@ By proper application of the stand- 
ard, a substantial saving can be effect- 
ed in replacement inventories. 

@ Even with these greatly-reduced 
inventories, any emergency need can 
be met. 

@ All bushings now have a high de- 
gree of interchangeability. 

@ From 23 to 69 kv, inclusive, many 
hundred different types have been re- 
duced to only 24 under the ASA 
Standard. This embraces both trans- 
formers and circuit breakers. 

@ The above simplification permits 
manufacturing economies, quicker de- 
liveries, and factory stocking, as a re- 
sult of repetitive production hereto- 
fore impractical. 

These are just a few highlights of the ASA Stand- 
ard, promoted and adopted by operating groups 
of the electrical industry. 

O-B’s interpretation of this standard is a pencil- 
slim bushing of highly advanced design. For this 
manufacture we have installed completely new fa- 
cilities, including new buildings, machinery, and 
test equipment. Behind this development is O-B’s 
reputation of 40-years’ standing in the bushing 
field for successful performance and a high degree 


of technical competence. MANSFIELD 





4524- 
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It Took Only About 10 Minutes 
to Pull a Simplex-Anhydrex 5KV Cable 
Through Six Floors of Conduit 


When transformers became too heavily overloaded in 
a Boston office building recently, it became necessary to 
install a circuit breaker, a unit substation, and a 5kv 
cable. 

The cable, Simplex Anhydrex X X-insulated, shielded, 
and neoprene-jacketed, was pulled in from the seventh 
floor unit substation to the circuit breaker on the ground 
floor. 

Negotiating four right-angle turns and approximately 
230 feet of steel and fiber conduit, the cable reached the 
circuit breaker room in about ten minutes. 

The cable came through the conduit so fast, the crew 
at the lower end were hard-pressed to keep the pulling 
rope from jamming. 

Simplex Lubricant No. 3 helped make this fast pulling 
job possible. 


Simplex Rubber Insulations 


ANHYDRE> for power cables (3kv to 25kv and 
over) — resists heat, oxidation and ozone — has low 
water absorption. 


ANHYDREX for power cables (0 to 2kv), and con- 
trol, piennondoation and signal cables — resists heat 
and oxidation — has low water absorption. 


Write the address below for more details about 
ANHYDREX. 





SIMPLEX WIRE & CABLE CO. 








Top Photo: Pothead of 500 kva dry-type trans- 
former on seventh floor. Secondary feeds 110/220 
volts to four floors above. 


Middle Photo: Wire mesh grip on sixth floor holds 
weight of cable. Feeder runs through four-inch 
steel conduit from first to seventh floors 





Bottom Photo: Feeder connection at air circuit 
79 SIDNEY STREET, CAMBRIDGE 39, MASSACHUSETTS breaker on first floor. Cable transmits 4160 volts 
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square 


pegs 


in 


1. Hylug with magnet wire 2. Magnet wire after round- 
shown before pre-rounding. ing by die-set adapter in 
standard Y8NV Hypress. 
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3. Inserting rounded magnet 
wire in Hylug. Note how 
wire has been reshaped—not 
reduced in size. 


MAGNECRIMP PRE-ROUNDS RECTANGULAR MAGNET WIRE 
..- FOR COMPRESSION-INSTALLED CRIMPED TERMINALS. 


Now you can reshape square or rectangular magnet wire to fit 
standard tubular compression connectors—and get stronger, more 


efficient joints—at lower cost! 


BURNDY’S NEW COMPOUND Die — 1. Rounds conductor 
ends to fit standard round connector barrels—without re- 
ducing eonductor size! 2. Crimps joints with quad indent. 


SMALLER, MORE ECONOMICAL LUGS — Rectangular con- 
ductor ends are reshaped to smallest possible diameter, 
without reducing cross-sectional area. This permits use 
of smaller crimped lugs to take minimum space, look 
better, cost less. 


MAXIMUM ELECTRICAL EFFICIENCY — Pre-rounded wire, 
precisely shaped to matching lugs, insures best possible 
cross-section contact for high conductivity, eliminates 
potential corrosion spaces, provides maximum resist- 
ance to vibration. 


STRENGTHENED JOINTS — Soft copper wire ends are 
work-hardened during rounding and crimping—creating 
pullout strengths up to 90%. 


This revolutionary new Burndy Magnecrimp method 
and dies are ready to go to work for you — ready for 
fitting into your present Hypress. Simple conversion 
kits — in a complete range of die sizes — are now avail- 
able. Or if you wish, a complete Hypress unit with com- 
pound rounding and terminating dies can be shipped 
to your order. Call your nearest Burndy representative 
for full details, with recommendations for your specific 
engineering requirements. Or write direct to BURNDY, 
Norwalk, Connect., Toronto, Canada. Factories: New 
York, Calif., Toronto. Export: Philips Export Company. 


with MAGNECRIMP 





appearance. 


It’s good business to connect with... 
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4. Finished compression con- 
nection, work-hardened by 
pre-forming and quad inden- 
tation. Note neat installed 


TYPICAL MAGNECRIMP APPLICATIONS 


A. Solenoid B. Motor c. Gen- 
erator D. Power Transformer 
E. Distribution Transformer 
F. Transformer 











54-28 


«+» FIRST name in electrical connectors; tools; methods 
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Wet... 
but not 
worried! a a, 


i Hl 


Stoddart NM-10A Radio Interference and Field Intensity Meter* 
covering the frequency range of 14 kc to 250 kc 


CHANCES ARE YOU’LL NEVER SUBJECT YOUR 
NM-10A TO THIS KIND OF TREATMENT.. 


BUT IT's NICE TO KNOW THAT IT CAN TAKE IT IF IT HAS TO! 
We turned the hose on the AN/URM-6B — the Navy. equivalent of the 
Stoddart NM-10A — in accordance with Navy specifications. Immediately 
afterward it was disassembled and found to be dry as a bone 

~. inside. And much to our satisfaction, the Navy inspector smiled! 

Whether you use this fine, rugged instrument for field intensity 
measurements of carrier current systems, Navy, maritime or other 
services ...or for surveys of conducted or radiated interference, 
you'll find that the NM-10A CAN TAKE IT... whether in the lab 
or in the field. 

A complete selection of accessories is available, expanding the 
utility of the NM-10A to make it one of the most versatile 
instruments you have ever used. 

Write today for further information. Learn about the excellent 
sensitivity ... the “hand calibrated” accuracy . . . the sturdy, dripproof 
construction, enabling use in driving rain or snow... the A. C. 
power supply that permits operation from 105 to 125 volts or 
210 to 250 volts A. C., 50 to 1600 cps. 

The NM-10A is the identical instrument we supply to the Navy 
as the AN/URM-6B, a Class One instrument, as shown in MIL-I-16910 
(SHIPS). It was designed and is manufactured exclusively by 
Stoddart Aircraft Radio Co., Inc. When you buy the NM-10A 
you’re getting a quality instrument that meets the rugged requirements 
of the U.S. Navy! 


* Stoddart RI-Fl Meters Cover the Frequency Range of 14 ke to 1000 mc 


NM-20B — HF | NM-30A — VHF NM-50A — UHF 


375 mc to 1000 mc. 
Commercial equivalent of 


| 
i 
15 ke to 25 mc. Commercial 20 mc to 400 mc. ; 
equivalent of AN/PRM-1A. Commercial equivalent of ' 
Self-contained batteries. AN/URM-47. Frequency } AN/URM-17. Frequency 
A.C. supply optional includes range includes FM and | range includes Citizens band 
standard broadcast band, radio TV bands. 1 and UHF TV band. 
range, WWW and communi- ' 
cations frequencies. Has BFO, } 


STODDART AIRCRAFT RADIO Co., Inc. 


bdb4 4-D San 1 IV 
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formed subsidiary of AMF which will 
carry forward the company’s activities in 
the atomic energy field. AMF plans to 
become the industrial department store 
for atomic energy equipment. 


Kuljian Appointment. Hilton A. 
Levonian has been appointed vice-president 
in charge of consulting engineering of 
The Kuljian Corporation. With head- 
quarters in the main office in Philadelphia, 
Pa., Mr. Levonian will cover activities of 
his department both in the United States 
and abroad. 


New Name. Claude Neon, Inc., has 
announced a change in the corporate 
name to Dynamics Corporation of America. 
Conversion since 1945 of the company 
(originally a licensor of lighting processes) 
into producers of electric, electromechani- 
cal, and electronic equipment determined 
the change. 


Changes in Syntron. Syntron Company 
of Homer City, Pa., has announced two 
appointments in their Selenium Rectifier 
Division. C. W. Ramaley, sales applica- 
tion engineer in selenium rectifiers for 3 
years, has been named manager of 
the rectifier department. James Scott 
will replace Mr. Ramaley as sales applica- 
tion engineer. 


Chem-Etched Organized. Chem-Etched 
Circuits, Inc., 121 South Cowen Street, 
Garrett, Ind., has been formed to design, 
develop, and manufacture etched circuits 
by the photoengraving method. George 
C. Weiss, Frankfort, Ky., is president of the 
newly formed organization. Other officers 
include Kenneth L. Grimes, vice-president; 
Bernard H. Barnett, secretary-treasurer ; 
Kenneth L. Smith, sales manager; and 
James E. Wolfkiel, Sr., manager of re- 
search and development. 


Square D Promotion. James F. Magin, 
vice-president and a director of the Square 
D Company, has been appointed general 
manager of the company’s Industrial 
Controller Division. He has had adminis- 
trative duties in the company’s Milwaukee 
facility, and was assigned to sales and 
research engineering activities in other 
Square D plants, including those in Los 
Angeles and San Francisco, Calif. 


NEW PRODUCTS ee 


Light-Beam Galvanometer. A series of 
shock-resistant light-beam galvanometers 
of exceptional compactness, with sensi- 
tivities up to 0.105 microampere per 
millimeter division, has been developed 
by Howell Instrument Company, Fort 
Worth, Tex. They are available as 


(Continued on page 32A) 
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SY MAINTENANCE with 


“Reading” this picture from top to bottom, you'll see the 
three easy steps that make Roller-Smith Draw-Out Air Cir- 
cuit Breakers so safe and simple to install, inspect and 
maintain. Ulustrated, with enclosure side removed, are 
three 1600 ampere, 600 volt Draw-Out Air Circuit Breakers 
of 50,000 ampere interrupting capacity. 


FULLY ENGAGED POSITION 
Line and load contacts are 
‘‘plugged in’’ to stationary 
blades. 


TEST POSITION 
Partially withdrawn. 
Breaker is now. entirely 
disconnected and safe for 


inspection. 


FULLY WITHDRAWN 
The complete unit rolls out 
of cabinet .. . just like an 
office file drawer . .. and 
is ready for thorough, easy 
inspection and mainte- 


nance. 


. 


Also available are electrically operated air circuit break- 
ers. In their ‘‘test’’ position, auxiliary contacts remain 
in circuit to permit operation while line and load con- 
tacts are disconnected from stationary blades. 


“See A Qualified Electrical Contractor"’ 


ELECTRICAL SWITCHGEAR ‘ AVAILABLE THROUGH 


AUTHORIZED ELECTRICAL WHOLESALERS 


Sales Representatives in all principal cities. 
CANADIAN FOREIGN 
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built SPECIALLY for the 
*Original equipment manufacturer 


Each component part of your equipment must function without 
failure. One of the most important of these integral parts is the 
transformer. Standard O.E.M. Transformers are noted for their 
accuracy, dependability, compactness and sound basic construc- 
tion. They're engineered especially for O.E.M. use. Many well- 
known original equipment manufacturers have specified O.E.M. 
Transformers for over 30 years. You can have Standard O.E.M. 
Transformers tagged for you, too! Consult your nearby Standard 
representative or write to Standard direct for specific information, 
literature or engineering consultation. 


WARREN, OHIO 
REPRESENTATIVES IN PRINCIPAL CITIES 
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completely housed galvanometer  as- 
semblies, with lamp and projection system 
included, ready for installation and use. 
Originally developed to withstand the 
extremely severe conditions of shock 
and vibration encountered in field servicing 
and testing of jet aircraft, the galvanometer 
is particularly suited to field work as well 
as for laboratory and industrial production 
testing services. Separately, the move- 
ment may be installed as an integral part 
of other industrial instrumentation in the 
fields of colorimetry and densitometry, or 
for measurement of electric potentials, 
conductivity, light flux, or temperature 
(Wheatstone bridge or thermocouple). 
Exceptional compactness is achieved, along 
with high sensitivity, through an_ in- 
geniously folded light beam. The effective 
length of the light beam is 80 millimeters. 


Dynamic Balancing Machine. A dy- 
namic balancing machine which provides 
a ready means for accurately detecting 
static and dynamic unbalance in a wide 
range of runners, rotors, flywheels, and 
other rotating apparatus, has been de- 
veloped by the Pelton Water Wheel 
Company, San Francisco, Calif., a sub- 
sidiary of the Baldwin-Lima-Hamilton 
Corporation. It is a compact self-con- 
tained inexpensive unit which especially 
lends itself to balancing large-diameter 
flywheels, large and heavy hydraulic 
turbine rotating elements, or pieces up 
to a maximum weight of 250,000 pounds. 
The balancer is available in three sizes 
with maximum capacities of 10,000, 
100,000, and 250,000 pounds. It consists 
essentially of a heavy support frame 
which carries a turntable whose rotation 
can be varied between 10 and 20 rpm. 
The turntable is carried on a weighing 
shaft supported by heavy antifriction 
bearings. It is held in a horizontal plane 
until static or dynamic forces tend to move 
it to another plane, and is restrained by 
the leaf springs. A direct measure of the 
dynamic out-of-balance is obtained by the 
magnitude of the indication properly 
correlated to rotating speed. 


Silicone-Insulated Current Transformer. 
A new 5-kv current transformer (type 
SM-5) molded in silicone is designed for 
indoor metering and relaying applications, 
and is built in standard current ratings 
from 10 to 800 amperes. The transformer 
has a rating factor of 1.5 and is in the 0.3 
accuracy class for all metering burdens. 
The new silicone-base insulating material 
is molded to the coil assembly, completely 
sealing it from moisture and air, and is 
unaffected by temperature change. Pri- 
mary terminals are silver plated and added 
flexibility in making connections is possible 
through use of a slotted bolt hole. A 3- 
purpose secondary short-circuiting device 
can be operated automatically or manually. 
For further information, write Westing- 
house Electric Corporation, P. O. Box 
2099, Pittsburgh 30, Pa. 


All-Silicone Rubber Insulation.  Allis- 
Chalmers Manufacturing Company, Mil- 


(Continued on page 36A) 
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Purified Porcelain 





Transmission Pintypes 


VICTOR Transmission Pintypes are America’s 
finest because VICTOR “Know-How” has 
endowed them with extra long life under even 
the most severe conditions of service. 


= 


Made of VICTOR Purified Porcelain—they are 2. 
the finest insulators skilled craftsmen and 

modern research can produce. Victor 3. 
Transmission Pintypes are designed with thick, 

rugged, rounded corrugations for maximum ‘ 


strength and resistance to impact. They have 
large radius top and side-wire grooves to 

permit use of new larger conductors, and smooth 
hard glaze that protects against weathering 

and contamination. Each is thoroughly 
inspected at every stage of manufacture. 

You just can’t buy a better insulator! 


oa 


NEWS 
FROM 
vICTOR 
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ucting routine 


FEATURES 


. UNEQUALLED STRENGTH, thanks to Purified 


Porcelain—finest insulator 


made! 

CUSHION-COATED JOINTS—special coat- 
ing at joining surfaces absorbs thermal varia- 
tions and mechanical shock. 

THICK, RUGGED CROSS-SECTION plus 
rounded edges give maximum strength, pro- 
tection against impact, cut replacement costs. 


porcelain ever 


. LARGER RADIUS TOP AND SIDE WIRE 


GROOVES permit the use of new, larger con- 
ductors. 


. SCIENTIFICALLY COMPOUNDED GLAZE 


gives maximum strength and a smooth, self- 
cleaning surface. 


. CONTROLLED TESTING AND PROCESSING 


OF CEMENT assure highest bond strength 
at assembly joints, 


» SPECIFY 








VICTOR NO. 245 
TRANSMISSION 
PINTY PE 
(Radio-Freed or Plain) 









SPECIFICATIONS 


60 cycle dry flashover....... 125 KV 
60 cycle wet flashover........ 80 KV 
Positive impulse flashover*....200 KV 
Negative impulse flashover*...265 KV 


Dry arcing distance.........++++ 9A" 
Leakage distance..........eee6+ 21” 
Pinhole diameter..........e+e++ 1%” 
Rec. pin height. .........ceeeeees 8” 
Cantilever strength. ........ 3000 Ibs. 
RNI (plain). ........ 16,000 microvolts 
RNI (radio-freed)...... 200 microvolts 
1000 KC at applied.......... 30 KV 


*Crest KV. 1% x 40 microsecond wave 
Critical Value. 


For the full facts on Victor “Know-How,” 
write for “The Story of Victor and Puri- 
fied Porcelain.” For engineering data 
on Victor insulators, write for Bulletin 
No. 4, 


| sabhahal-oMe kes aer-)t- bh 41 


Pintypes 


VICTOR INSULATORS DIVISION 


BREAK 


VICTOR, N. Y. 
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announces... 


the Type 44 Recorder 


designed specifically 
to do what you asked for" 


YOU ASKED FOR: 


New Performance Standards 


FACT—Type 44 Recorder has new, iron-core meas- 
uring mechanisms which develop twice the torque of 
previous designs. This provides faster response, high- 
er fidelity under all operating and load conditions. 


Ease of Use and Service 


FACT—all parts fully accessible from front of re- 
corder, a particular advantage in flush switchboard 
mounting. 


Less Mounting Space 


FACT—recorder has highest ratio of scale width to 
panel area, is attractive in appearance. 


Dependability 


FACT—extremely high overload capacity reduces 
danger of burnouts, promotes longer life. All mecha- 
nisms self-shielded against stray magnetic fields. 





Economy 


FACT—long charts and large ink capacity permit 
operation for greater unattended periods. 


Increased Availability 


FACT—carefully coordinated, flexible design permits 
use of a few basic mechanisms for most applications. 
These are kept in stock to facilitate prompt delivery. 
Three kinds . . . flush mounted, projection mounted, 
or portable . . . available to handle watts, vars, a-c 
voltage and current, d-c voltage and current, 
frequency and power factor. 


FOR MORE FACTS: CALL The Man With The Facts... 
your Westinghouse sales engineer. Or, get your copy 
of the facts booklet, B-5779, by writing directly to 
Westinghouse Electric Corporation, 3 Gateway Center, 
P. O. Box 868, Pittsburgh 30, Pennsylvania. 


*As determined by a user survey of engineers and operating 
men in all industries. J-40479 





Reliable Recording —high-torque 
mechanism designs assure accurate, 
dependable recording. Performance 
is well within the requirements of ASA 
Specification No. C 39.2 for recording 
instruments of the 1% accuracy class. 


Convenient—all parts fully accessible 
from front of recorder, a distinct ad- 
vantage in flush switchboard mount- 
ing. All moving elements are of unit 
construction, can be removed without 
disturbing the field circuit. 


Protection— extremely high overload capac- 
ity is designed into these instruments. For 
example, improved insulation, conductors, 
and connections make it possible for the a-c 
current circuits to carry 100 times rated 
current for short overloads. 












Leeds & Northrup Company 
ELECTRODE ASSEMBLY FLOW BLOCKS 


are made from 


HWYSOL GOOO Series 
e EPOXIDE RESINS « 
Because of these outstanding properties 


The Leeds & Northrup “plastic flow type’ electrode assembly above shows the 
flow block, at left, formulated from HYSOL 6000. Measuring about 442” by 
1¥2", it has three wells into which the pH electrodes and temperature compen- 
sator screw against sealing gaskets. Leadwires from these detecting elements are 
connected, in the terminal box at top, to leadwires from recording and/or con- 
trolling equipment. Insert shows the assembly in operation. The test solution 
flows through the block, under pressures up to 30 psi, where its pH is continu- 
ously detected by the electrodes. 


HYSOL 6000 Series epoxide compounds provide the best plastic for this 
electrode assembly for many reasons. The block itself is produced from a single 
piece of plastic material. This one-piece construction provides great mechanical 
strength and prevents solution leakage. The fact that the flow block is chemically 
resistant is important, since measured solutions are either highly acidic or highly 
caustic. The d-c electrical insulating properties of HYSOL 6000 Series epoxide 
compounds minimize electrical pickup and current leakage which would create 
a measuring error. 


Perhaps this use of HYSOL 6000 suggests a 

possible application for you. The HYSOL 6000 

ge Ro Series includes a complete line of room tem- 
Pd 2 perature and heat curing potting and casting 
a compounds, easily machined sheets, rods and 
tubes and Coating and laminating varnishes. 


The skilled, experienced experts ih our re- 
search, design and production departments 
are ready to serve you. Your inquiries will 
be answered at no obligation. Put Houghton 
Laboratories, Inc., products and personnel to 
work solving your plastic problems. Write, 
wire or phone today. 


oughton laboratories, ine. 


105 BUSH STREET, OLEAN, NEW YORK 
ARS LL A a ee a aaa ae TTT 
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(Continued from page 32A) 


waukee, Wis., has announced the first 
all-silicone-rubber insulating system for 
large motors and generators. Known as 
the Silco-Flex system, it is immediately 
available for all class H insulated form- 
wound coils and for class A and B windings 
operating under certain service conditions. 
Using as its basic material Dow-Corning’s 
Silastic silicone rubber, Silco-Flex insula- 
tion makes available the advantages known 
to be inherent in silicone base insulations. 
While all silicone insulations possess out- 
standing thermal endurance and moisture 
resistance, silicone rubber, in addition, has 
the flexibility and resilience formerly 
obtainable only in organic rubber. In the 
manufacture of Silco-Flex insulated stator 
coils, silicone rubber is applied to con- 
ductors, and vulcanized into a homogene- 
ous mass by the application of carefully 
controlled heat and pressure. The result 
is a sealed, impervious dielectric barrier, 
continuous around the coil and leads, 
which forms a flexible, moisture- and heat- 
resistant wall over the entire coil structure. 


Field Intensity Receiver. A field in- 
tensity receiver, model R, covering the 
microwave range 950 to 11,260 mc with 
four interchangeable plug-in r-f tuning 
units, has been announced by Polarad 
Electronics Corporation, Long Island City, 
N. Y. It features single-dial frequency 
control with a direct reading dial, along 
with double-tuned r-f preselection, and 
automatic frequency control. Model R 
will receive amplitude and frequency 
modulation and pulse. It reads directly 
in decibels and provides separate audio 
and video outputs. Also, provision is 
made for external metering and recording, 
as well as connectors for external i-f 
attenuators, 


FM Radiotelephone. A new FM radio- 
telephone, designed especially for vhf 
radio communication in shipboard service, 
has been announced by the Marine 
Division of Mackay Radio and Telegraph 
Company, Inc., a subsidiary of American 
Cable and Radio Corporation. The new 
radiotelephone (Mackay type 275-A) is 
adaptable for use on all types of small 
craft as well as ocean-going vessels. It 
provides five 2-way crystal-controlled chan- 
nels that may be preset within any 1.1-mc 
band between 152 and 165 mc. A single 
compact dripproof cabinet houses the 
transmitter, receiver, and power supply. 
The associated control unit incorporates 
a permanent-magnet loudspeaker, all 
operating controls, and a telephone-type 
handset. The radiotelephone incorporates 
a double-conversion superheterodyne re- 
ceiver circuit, which assures high sensitivity 
and selectivity. Cascade M-derived filters 
are employed in the receiver’s second i-f 
amplifier to provide a high degree of 
adjacent band rejection. 


Small-Size Oscilloscope. Availability of 
a new lightweight 3-inch portable oscillo- 
scope is announced by the Hickok Elec- 
trical Instrument Company, Cleveland, 


(Continued on page 44A) 











IT’S GARDNER TRANSFORMERS 


FOR NEW NBC-TV STUDIOS 





NBC’s new up-to-the-minute color television studios in Burbank, California. 


NATIONAL BROADCASTING COMPANY has used Gardner Trans- 
formers for years with complete satisfaction...and that makes it only 
natural that Gardners were chosen for the Company’s new color tele- 
vision studios in Burbank, California. The three Gardner Transformers 
shown here were shipped in September, 1954 and installed by the 
Public Service Department of the City of Burbank with the cooperation 
of the Los Angeles Office of Fischbach and Moore, Incorporated, 
electrical contractors. 

For transformers that will meet your needs exactly and provide top 
performance year after year... specify Gardners. 


*We are always glad of the chance to help 
solve special problems. Our experience is un- 
equalled and our production line is flexible. 
Write for information —Gardner Electric Manu- 
facturing Company, 4227 Hollis St., Emeryville 
(Oakland), California. 








a ae kes ae 
These 500 KVA Gardner Transformers, 2500/4330Y to 
500/250/125 volts are served by the City of Burbank, 
Public Service Department, which has also been a con- 
sistent user of Gardner Transformers for many yeors 


GARDNER ELECTRIC MANUFACTURING COMPANY 


Subsidiary of 


EFEDERAL PACIFIC 


ELECTRIC COMPANY 





MAIN OFFICE: 50 PARIS STREET *© NEWARK 





7 NEW JERSEY 


Federal Pacific products: Stab-lok Circuit Breakers, Motor Controls, Safety Switches, Service Equipment, Industrial Circuit Breakers, Panelboards, 
Switchboards, Control Centers, Bus Duct, High Voltage Circuit Breakers and Power Switches x Sales offices in principal cities. 
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““WE CUT MOTOR REPAIRS FOR 








ONE OF OUR CUSTOMERS FROM 
18 MOTORS PER YEAR TO 2 BY 








INS 


TALLING FUSETRON FUSES”? 





ea RR PRESS ANI RRINE OF eae 


“The owner of a large poultry farm is 
one of our customers. In his operation a 
great number of motors are used in many 
different ways — pumps, feed grinders, 
heating systems, ventilators, etc. 


“But these motors were giving him so 
much trouble that we were rewinding 
from 12 to 24 burned out motors a year 
for him. 


“To correct the trouble, we suggested 
protecting the motors with Fusetron dual- 
element fuses. He told us to go ahead and 
try them. So, after checking the circuits 
and motors, Fusetron fuses were installed 
in proper sizes. 


“Fusetron dual-element fuses proved 
themselves from the beginning. For the 
entire year following their application, 
only 2 motors were repaired and this 
trouble was caused by over lubrication. 


“The motors we rewind are guaranteed 
for a year so we want to be sure they are 
properly protected. That’s why we recom- 
mend to all our customers that they use 
Fusetron dual-element fuses.” 


Lawson E. Call 


President 


NEW ENGLAND ELECTRIC 
MOTOR EXCHANGE INC. 
GARDNER, MASS. 


FUSETRON is a 
trademark of 
Bussmann Mfg. 
Co. 


Vice President 


* = fl’ Mt 


ROBERT E. HENRIKSON 
Shop Foreman 


* 
| ee id 


wi 


PO neers 
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FUSETRON dual-element FUSES do more than 
cut your mofor repair costs 


Fusetron fuses save you recalibration and Fusetron fuses increase life of equipment 


maintenance costs If there is an electrical fault, Fusetron fuses open 
Fusetron fuses are calibrated at the factory by and warn of danger and help hold fault to its 
engineers. Once properly installed, they require source. 
no periodic inspection or down-time necessary 
on mechanically operated devices. 


Fusetron fuses eliminate down-periods caused 


Panels and switches are protected against damage 
due to poor contact heating. 


4 by needless blows 100,000 amp., interrupting rating gives you 
Fusetron fuses can increase production and reduce . afe 
annoying interruptions of regular maintenance maximum satety 
because — they wipe out needless blows caused Fusetron fuses can safely interrupt the most severe 
by harmless overloads or excessive heating. available short circuit current — and are ad- 


equately safe to meet future circuit growth. 


Fusetron fuses save on installation costs 


They protect against waste of space and money 
by permitting use of proper size panels and 
switches, instead of oversize. 







































Here's why Fusetron fuses 
give all-purpose protection 


A fuse link combined with a thermal cutout — the 
result, a fuse with tremendous time-lag and much 
less electrical resistance and an interrupting rating 
in excess of 100,000 amps. 


They have the same degree of Underwriters’ 
Laboratories approval for both motor-running 
and circuit protection as the most expensive 
devices made. 


Made to same dimensions as ordinary fuses. 
FUSETRON Fuses fit all standard fuse holders. 


Obtainable in all sizes from 1/10 to 600 ampere, 
both 250 and 600 volt types. Also in plug types 
for 125 volt circuits. 


eee 


Their cost is surprisingly low. 
Write for bulletin FIS. 





For loads above 600 and up to 
5,000 amps., 
Use BUSS Hi-Cap Fuses... 


They have unlimited 
interrupting capacity to 
handle any fault current re- 
gardless of system growth. 


They can be coordinated 
with Fusetron fuses on 
feeder and branch circuits 
to limit fault outages to 
circuit of origin. 


Write for bulletin HCS. 











President 





BUSSMANN MFG. CO. Div. of McGraw Electric Co. 
University at Jefferson, St. Lovis 7, Mo. 
= ee eter Sipbereies OC 
CET ey 


Play Safe / install FUSETRON dual-element Fuses and /FUSETRON 


TRUSTWORTHY NAMES Im 


BUSS Hi-Cap Fuses throughout entire Electrical System! (resis 
* 
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D.C, OUTPUT VOLTAGE 
a 


FILAMENT VOLTAGE 


7. 
7 
4 


100 110 120 100 110 120 
PRIMARY VOLTAGE PRIMARY VOLTAGE 


These curves contrast the plate and filament supply voltages obtained from 
a Sola and a conventional power transformer when line voltage is varied 
from 100v to 130v. 


Improve Performance of electronic products 
with built-in regulating power transformer 


You can make sure your product will always receive correct plate TYPICAL STOCK UNIT: Sola Electronic 

fi cae Power Transformers are made for chassis 

and filament voltages by building in a Sola Constant Voltage Power mounting. They are furnished complete 
Transformer (Type CVE) in place of a conventional, non-regulating with separate capacitors and capacitor 


power transformer. mounting brackets. 

The Sola CVE provides +3% regulation of plate and filament 
supply, with line voltage variations of 100 to 130 volts. Regulation is 
completely automatic, continuous and substantially instantaneous 
(1.5 cycles or less). Sola CVE stabilizers have no moving parts or 
tubes, require no manual adjustments or maintenance, and are self- 
protecting against short circuits. 

Three stock units (all with high voltage ct, 5.0v and 6.3v regulated 
windings) are stocked by your electronic distributor. You can order 
production quantities of special units manufactured to your specifi- 
cation. We invite your inquiry. 


7 . ¥ l ege o 
Automatic, Maintenance-Free Voltage Stabilization SEND FOR FOLDER: 


Please write for folder which 
) Constant Vollage "| gives complete data. 
/\ Ask for CIRCULAR 5G-CVE-195 


TRANSFORMERS 
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Tole) .¢ 
el-Jal-t-hie 
dal-mele-tle 


... that’s where 
quality begins 














the 
seamless 





construction of 
Rockbestos A.V. C. 
means lower 


Heavy, felted asbestos walls are applied 
over and under the varnished cambric 
tapes ... then thoroughly impregnated 





long-range cost through 
long, dependable service 


.-. then the impregnated asbestos is com- 
pressed to a dense, homogeneous wall 
that ensures long cable life. 


N.E.C. Type AVA wires or cables may 
look alike on the surface. But the proof of 
their quality is under the braid. Look for the 
dense, uniformly-impregnated, seamless 
walls of Rockbestos A.V.C. Type AVA. 

The dense, felted, thoroughly-impreg- 
nated asbestos walls ot Rockbestos A.V.C. 


seal the varnished cambric tapes away 


tion gives Rockbestos A.V.C. added strength 
against damage from flexing. Heat dissi- 
pation is uniform. Dielectric strength stays 
high under conditions of high ambient tem- 
perature or moisture. 

Complete construction and test specifica- 
tions of Rockbestos A.V.C. Type AVA are in 
the new booklet: “Specifications RSS-88”. 





from air or moisture. This seamless construc- Write for your copy. 








STOCKED COAST TO COAST 
Standard Rockbestos A.V.C. con- 
struction (N.E.C. types AVA, AVB, 
etc.) are available for immediate 
shipment. Call or write nearest 
branch office. 














NEW HAVEN 4, CONNECTICUT 


NEW YORK ¢ CLEVELAND © DETROIT « CHICAGO « PITTSBURGH © ST.LOUIS * LOS ANGELES *« NEW ORLEANS « OAKLAND, CALIFORNIA ¢ SEATTLE 
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NEW “WRAP AROUND” SHROUD | 











1825 WEST MARKET STREET Dp BETHLEHEM, PENNSYLVANIA 


Precision Products Since 1908 


SS) 


See these and other outstanding Roller-Smith products featuring the “new-look” at booth 111, WESCON Show, Civic Auditorium, San Francisco, Aug. 24-26, 1955 
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CLASSIFIED BIBLIOGRAPHY 
ON 
INSULATED CONDUCTORS 


Special Publication S-73 


NEW 
A New Approach 
A New Philosophy 


CONVENIENT 
For Quick Reference 
Easier to Read than 
a Log Table 


PERPETUAL 
Yearly Additions 
Continually Up-to-date 


CLASSIFIED 
By Years (1930-1953) 
By Publications (20 groups) 
By Subjects (12) 
By Subsubjects (64) 


For complete description of 
this new system for referenc- 
ing technical data, see Elec- 
trical Engineering, July 1955, 
page 567. 


Price: $1.00 


(no discounts for members) 


Copies may be obtained 
from: 


Further Proof of 


Getting to the hottom of things 





every hour of eve 


make a finer fixed CAPACITOR. 


One of the many things you as users are interested in is 
the “LIFE OF THE CAPACITOR” under a multitude of 
operating conditions. We in the FAST organization have 
j ness answers 
on this important factor in providing quality capacitors. 


What follows is a summary of what we are doing to 


spared no expense to give you honest-to-good 


give you just that... 
i: RESEARCH and DEVELOPMENT TESTS 


AC and DC tests at various temperatures and 
voltages. 

1—Investigation of Impregnants: (a) New im- 
pregnants AC/DC—synthetic and natural oils, 
resins and waxes. (b) Studies of impurities 
and additives. 

2—Investigation of electrode separators and 
electrode materials: (a) Kraft papers—stand- 
ard, low PF varieties, sundry densities and de- 
ionized. (b) Films — regenerated cellulose, 
polystyrene, teflon, “‘Mylar’’*, Etc. (c) Elec- 
trodes — Dry annealed and neutral aluminum; 
and tin. 

3—Number of groups tested: AC; over 800 in- 
volving more than 8000 units. DC; over 3700 
involving more than 78,000 units. 

4—Duration of tests: AC; many have been con- 
tinuously under test for over 6 years. DC; many 
have been continuously under test for over 10 
years. 

5—Voltage range of tests: AC; 70 to 2400 volts 
at 60 and 400 cycles. DC; 140 to 44,000 volts. 
er gs eee range of tests: AC; Room to 
130°C. 3—55°C to +150°C. 





coun E.Fasré ©. 


Capacitor Specialists For 
Over A Third of A Century 
3169 North Pulaski Road, Chicago 41, III. 
“WHEN YOU THINK OF CAPACITORS . . . THINK FAST” 















TEMPERATURE TIO 


...is most clearly demonstrated by what we are doing 7 Trmcaa ACCELERATED LE TEST CURVE 
day — year in and year out — to = = 


TEST VOLTAGE*!. 










O OF weTs Ow TEST 


wre OURS 


li: PRODUCTION TESTS 

A. Alternating Current 

1—Heat runs on production lots — ultimate 

surface temperature rise. 

2—Ultimate life hours of current production 

(periodic tests run). 

B. Direct Current 

1—Civilian Production: (a) ultimate life hours 

of capacitors taken from current production. 

(These test runs comprise over 1800 groups 

involving more than 21,000 units). 

(b) Ultimate life hours of capacitors after 

being stored in cartons from 1 to 24 months 

under normal variations in humidity and tem- 

perature. (These test runs comprise over 324 

groups involving more than 3240 units). 

2—Military Production: (a) Test to appli- 

cable specifications (Mil-C-25; Mil-C-91; U. S. 

Army 71-1667; Etc). 

(b) These test runs comprise over 4200 groups 

involving more than 24,500 capacitors. 

Please note Carefully: at least 75% of the 
134,740 capacitors included in the above tests 
were tested to ultimate destruction at voltages 
ranging from rated to 4 times rated and at oper- 
ating temperatures from lower than, to maxi- 
mum rated or in excess of. Many outside this 
group have not failed to date. Importantly too, 
this is a continuous policy of the company in 
sustaining its testing program throughout every 
day—-year after year. 

So, with pardonable pride, may we suggest 
“QUALITY CAPACITORS” is more than a 
catch-phrase as applied to FAST CAPACITORS? 


*Du Pont trade-mark for Polyester Film. 








FLINT 


babricated 


this unique Triple-Circuit Tower 


The completely imtegrated service 
offered by Flint made this unusual 
tower possible. From original idea 
to actual erection, Flint was there. 
When you build anything with gal- 
vanized structural steel why not take 
advantage of this unusually complete 


COMMITTEE ON 
INSULATED CONDUCTORS, 
AIEE 





























P. O. Box 128 Flint service. 
Hastings-on-Hudson 6, PL TULSA 
New York —_— ie 
EN MEMPHIS 
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NS 
THE STORY } 
of 


INFRA-RED RIDING HOOD 


This is the real 
low-down. Contrary 
to the stories about 
the fateful day I hiked 
to Grandma’s place— 
the wolf didn’t pull 
the wool over my 
eyes! Before he knew 
what was happening, I 
had him spotted with 
my SERVOTHERM* 
system. 


Man, is that a batch of instruments! They measure temperature 
where no contact is possiblee My SERVOTHERM 
system measured the wolf’s temperature and ~@ 
differentiated it from the ambient. Those 
SERVOFRAX glass lenses are real fast—the only ee 


glass that will pass the long wave lengths. 
wang Behind my SERVOFRAX window, I had.a 


SERVOTHERM cell (type 1312, of course!) 
alike because it’s a fast, sensitive infra-red detector 


Heat Cells with a time constant less than .005 seconds. 

— For a preamp, I used the finest—-SERVOTHERM / 

Model 1322 low frequency pre-amplifier that provides 4 

high gain and high impedance output. This baby “ 

is small enough to put in your vest pocket and 

is terrific for initial amplification for . 
sub-audio and audio frequency signals oo 
from extremely low input levels. Preamplifier 


So... take a tip from a gal who knows—get 
on the ball with SERVOTHERM systems 
and keep the wolf away from your door! 


Detector Thermistor 
Preamplifier Power Unit 
Model 132! Model 1330 


SERVO CORPORATION of AMERICA 


SERVO CORPORATION OF AMERIC EG7 


New Hyde Park, Long Island, N. Y. 

Please send further information and details on the following: 

(C0 Low Freq. Preamp. #1322 (C0 Detector Preamp. #1321 

(0 Thermistor Power Unit #1330 [] Infrared Lenses & Windows 
© () Thermistor Heat Cells, Types 1312, 1317, 1340 











New Hyde Park 
Long Island, N. Y. 








State 
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Ohio. Similar to equipment manu- 
factured for the Armed Forces, it features 
a new 6-section unitized circuit construc- 
tion for minimum interaction between 
amplifiers and sweeps, and provides for 
replaceable circuit sections as individual 
units. Slightly larger than a _ normal- 
sized telephone, the model 385 provides 
a new high in dependable accuracy to 
both laboratory technicians and _ field 
engineers. It is available as a portable, 
portable with moisture-proof carrying case, 
or as a rack mount. 


TRADE LITERATURE 


Lighting for Industry. The newly en- 
larged edition of “‘Lighting for Industry,” 
a 112-page handbook published by Holo- 
phane Company, Inc., 342 Madison 
Avenue, New York 17, N. Y., is available. 
The first 20 pages are devoted to general 
engineering information on principles and 
economics of lighting. The rest of the 
book offers lighting solutions in specific 
industrial areas, divided into indoor and 
outdoor areas. Each lighting problem is 
explained in terms of fundamental princi- 
ples, actual equipment needed, and most 
advantageous applications. Every subject 
is illustrated; more than 120 technical 
diagrams, sketches, charts, and installation 
photographs show Holophane equipment 
in use. Throughout, there is emphasis on 
long-term economy as a basic function of 
engineering efficiency. 


Hydraulic Turbines. Bulletin 7007, re- 
cently published by Baldwin-Lima-Hamil- 
ton Corporation, Philadelphia, Pa., il- 
lustrates the company’s hydraulic turbine 
research facilities and describes different 
types of hydraulic turbines and associated 
equipment which have been built for vari- 
ous hydroelectric projects. The 22-page 
booklet also contains approximate equa- 
tions which can be used as a general guide 
in preliminary selection of turbine speeds 
and sizes for application to given condi- 
tions of head and horsepower, or turbine 
discharge. Also included is a list of sug- 
gested data to furnish the supplier when 
requesting turbine proposals. 


Tube Types. A new edition of ‘‘Essential 
Characteristics,” General Electric Com- 
pany’s handbook on receiving. tubes, pic- 
ture tubes, special-purpose tubes, and 
germanium diodes has been made available. 
The 192-page book (E TR-75 F) gives the 
characteristics of approximately 2,000 
tube types of which over 150 are new. 
Other new features include a classification 
chart on receiving tubes which permits 
selecting a tube by the type of application; 
characteristic curves of representative 
types; a thumb index; and a table of con- 


(Continued on page 50A) 
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This Manson Tape 
is still good 
—after 28 years! 


Mr. C. T. Warren, professional 
Electrical Engineer of Orange, 
Texas, has always recommended 
Manson Friction Tape to his 
maintenance and construction 


crews. Recently he sent us two 
partially used rolls of Manson 
which have been in his tool box 
since 1927. 


The photo above, of one of the 
original rolls, shows this result: 
the tape, manufactured 28 
years ago, still retains its 
tackiness and most of its 
original tensile strength. 


Manson Friction Tape is made 
of a closely woven cotton fabric, 
into which has been frictioned 
only new, naturally tacky rubber 
compounded with the best chem- 
ical ingredients. It is mechan- 
ically strong...durable and long- 
lasting...adheres firmly. Manson 
breaking strength is over 50 
pounds per inch of width, com- 
pared to the ASTM requirement 
of 40 pounds. 


Used with Okonite and Okolite 
Rubber Tapes, Manson makes 
splices that will be tight and 
waterproof far longer than ordi- 
nary tapes. Write for Okonite 
Splicing Instruction Folder 1089. 


Made by 


THE OKONITE COMPANY 


Ny 
> 


re 
PASSAIC a NEW JERSEY 


AVAILABLE 
THROUGH 
AUTHORIZED 
DISTRIBUTORS ONLY 
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TELEPHONE REPEATER TYPE 
TA-289/FCC 


This is a packaged voice-frequency 
repeater adapted for use on almost 
any type of two-wire or four-wire 
line facility. The principal compo- 
nents are amplifiers, hybrid circuits 
and balancing networks. It also in- 
cludes line protectors, monitoring 
telephone set, d-c telegraph com- 
posite sets, adjustable line equal- 
izers, v-f signal converter type 
CV-339/FCC, and rectifier for a-c 
operation. It has a maximum net 
gain of 24 db on 2-wire circuits 
and of 30 db on 4-wire circuits, 
between nominal 600 ohm imped- 
ances. 





Type TA-289/FCC Repeater, Telephone, manu- 
factured for the U.S. Army Signal Corps. This is 
a recent redesign of the type OA-7/FC Repeater, 
Telephone, and is moisture- and fungus-proofed. 
It meets all applicable MIL specifications. 


Leeann RRC gH 


RADIO ENGINEERING PRODUCTS 


1080 UNIVERSITY STREET, MONTREAL 3, CANADA 
Telephone: UNiversity 6-6887 Cable Address: Radenpro, Montreal 


MANUFACTURERS OF CARRIER-TELEGRAPH, CARRIER-TELEPHONE AND BROAD-LAND RADIO SYSTEMS 





is maintain visually clean 
stacks at all times, industry 
is turning to the long ex- 
perience of Research-Cot- 
trell in the design and 
manufacture of highly 
efficient Cottrell Electrical 
Precipitators. We’ve spent 
40 years in solving such 
problems as nuisance abate- 
ment, cleaning gas for 
subsequent use and recover- 
ing materials of value. Write 
for illustrated bulletin 
describing a wide range of 
electrical precipitator 
applications. 


Industry looks to 


RESEARCH 
-COTTRELL 
for high 
dust collection 
efficiencies 


PULP AND PAPER INDUSTRY 


POWER PLANTS 


CHEMICAL PROCESS 
AND STEEL INDUSTRY 


RESEARCH-COTTRELL, INC. 


A WHOLLY OWNED SUBSIDIARY OF RESEARCH CORPORATION 
Main Office and Plant: Bound Brook, N. J. 


405 Lexington Ave., New York 17, N. Y. « Grant Building, Pittsburgh 19, Pa. 
rcisa7 228 N. La Salle St., Chicago 1, Ill. * 111 Sutter St., San Francisco 4, Cal. 
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ENGINEERS 


These DATA SHEETS will 
save your firm thousands of 
dollars in searching for data 
on ELECTRONICS TEST 
EQUIPMENT. 


@ These DATA 
SHEETS give you 
comprehensive and 
descriptive data 
easily accessible for 
comparison, current 
and packed with vital 
working information. 
Now available to in- 
dustry for the first 
time. 


Order your copy of a three volume 
set containing illustrative data sheets 
on almost 900 items procured for use 
by the U. S. Air Force. 


Contains 2400 (84% x 11”) pages, re- 
cently brought up to date, mounted 
in 3 post expandable hard back 
binders. 


Price $100 per set plus postage while 
supply lasts. Orders accompanied by 
checks filled as received with postage 
paid. Free Sample Data Sheet with 
further details furnished on request. 


CARL L. FREDERICK 
AND ASSOCIATES 
Bethesda 14, Maryland 











for that short grid lead 
use the Sangamo 


OA 





First used in Navy electronic gear, 
Tote-m-poles are invaluable for 
“bug-resistant” wiring of models 
and production units. Advantages: 
Short leads; high component density; 
improved ventilation. 


Tote-m-pole supporting 
“T" network of 5 resis- 
tors and 4 capacitors. 





CUSTOM COMPONENTS DIV.* 
SANGAMO ELECTRIC COMPANY 
SPRINGFIELD, ILLINOIS 








°H.V. Power Supplies « Inductive Components 
Servo Instruments * Low-X Resistors : 
Actua 
Size 
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NSFORMERS 


Testing Noise Levels 


The liberal design of SORGEL transformers also 
results in high efficiency, long life, and a liberal 
overload capacity for emergencies. 


SORGEL transformers are known and chosen for 
their quiet operation, because their noise level is 
well below the established standards. 


Because of their quiet operation, SORGEL trans- 
formers are particularly adaptable for indoor in- 
stallations—in hospitals, schools, institutions, li- 
braries, office buildings, and other structures where 
low noise levels are an important factor. 


Our new testing laboratory, with modern, com- 
plete testing equipment and facilities, enables us 
to know what the efficiency, noise level, tempera- 
ture rise, and performance of SORGEL trans- 
formers are before the installation is made. 


SORGEL transformers are available in a large 
variety of sizes and types for every purpose. 1/4 
Kva to 2500 Kva single phase. 1 Kva to 3000 Kva 
3-phase. All standard voltages, such as 120, 208, 
240, 480, 600, 2400, 4160, 4800, 7200, 13,200, and 
up to 15,000 volts, and any intermediate or 
special lower voltages. 


SORGEL dry-type or Askarel-cooled transformers 
are also incorporated in substations. Available 
with any type or make of switchgear, or from any 
substation manufacturer. 





Sales Engineers in Principal Cities 


SORGEL ELECTRIC CO., 846 West National Ave., Milwaukee 4, Wisconsin 


40 years’ experience in the development, manufacturing and application of transformers 
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EVER NEED AN Need special 


INSULATOR LIKE THIS? transformers fast? 


You can get them from us, engineered to 
your specifications and produced faster 
than you may think possible. 














Our staff of design engineers have long 
experience in communications. They know 
how to design around special problems of 
size, weight, high voltage or temperature; 
and they understand over-all circuit re- 
quirements. They can design what you need. 

And our manufacturing and inspection 
facilities can put the engineers’ design into 
quality-controlled production in a remark- 
ably short time. 


If you are designing an electrical product re- 
quiring special porcelain insulators, you should 
take your problem to Universal. We specialize 
in producing electrical porcelain insulators to 
the exact design requirements to give maximum 
safety to the completed product. We have 
facilities for producing porcelain components 
by dry-process, wet-process and of zircon 
formulations. 


Send us your specifications. When you have a transformer problem, call on 


THE UNIVERSAL (U) CLAY PRODUCTS CO. 


CALHDONTITIA 


| ELECTRONICS AND TRANSFORMER CORPORATION | 





1560 EAST FIRST STREET SANDUSKY, OHIO 








a Dept. EE-7, Caledonia N. Y. 


Investigate The Cost and Performance | 


Advantages You Can Ge 
a ~~ S a 
SYVTRON 3 | 


| BREAKER STANDARD 
| C 37.7 $.30 


| Interrupter Rating Factors 
for Reclosing Service 
(revision of 1945 section) 


|C 37.8 . $.30 
Rated Control Voltages 
and Their Ranges 


(revision of 1945 section) 


|C 37.12 $.60 


Guide Specifications 
New section intended as a 














e Vacuum Process Insures 
Uniform, High Quality 


e Lowest Forward Voltage 
Drop Means Greater 
Efficiency 


e Extremely Slow Ageing Results 
In Extended Life 


© Greatest Range of Cell Sizes 
In The Industry—From 
1 Square to 12x 16” Plates 


e Installations In Actual 


Operation Range Up To 600 KW 





SELENIUM 
RECTIFIERS 


Approved salt spray and fungus 
resistant finishes available 


Write today for complete performance 


and specification data—Free 


SYNTRON COMPANY 


440 Lexington Avenue 
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Homer City, Penna. 





reference for purchasers and 
manufacturers in the prepa- 
ration of requests for quota- 
tions and bids. 


AIEE ORDER 
DEPARTMENT 


33 West 39th Street 
New York 18, N. Y. 


Senne — 
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If your job is to select a general-purpose insulating material that 
is low cost, useful for both electrical and mechanical applica- 
tions, easy to machine and form, consider the advantages of a 
unique old-timer — C-D-F’s Diamond Vulcanized Fibre. C-D-F 
first made fibre in 1895, back in the early days of the electrical 
industry, and is today one of the world’s largest producers and 
developers of this versatile material. 








OUTSTANDING MECHANICAL QUALITIES 


Think what Diamond Fibre can do. Its weight is half that of 
aluminum, yet it is one of the strongest materials known per unit 
weight. Tensile strength is 10,000 to 15,000 pounds per square 
inch. Shearing strength is about 10,000 pounds. Almost as strong 
as iron, on a weight:strength ratio basis. Diamond Fibre is tough 
and will not readily crack or shatter under heavy impacts. Its 
surface is hard and smooth. In forming, fibre can be moistened 
and dried repeatedly without having its structure, or quality sig- 
nificantly altered. C-D-F makes a special forming fibre, using 
longer cotton cellulosic fibers for added strength. 


ALSO GOOD ELECTRICALLY 


Although given a modest insulation rating for resistance to heat 
(A.LE.E. Class A with a temperature limit of 221°F.), Diamond 
Fibre is often used because of its excellent arc resistance and good 
dielectric strength. It also has desirable deionizing properties and 
low heat conductivity. Fibre can be combined or surrounded with 
moisture-resistant laminated plastic. C-D-F does this in volume 
for manufacturers of low voltage cartridge fuses and high tension 
expulsion fuses. Inside is a fibre tube with excellent arc extin- 
guishing properties and high internal bursting strength. Outside 
is a weather- and moisture-proof shield of rolled phenolic Dilecto. 


MANY GRADES AND FORMS 


Diamond Fibre sheet and roll grades include Bone, Commercial, 
and Electrical Insulation (fish paper) NEMA grades. Fibre tubing 
is normally made only in Bone grade, with rods available in both 
Bone and Commercial grades. The chart shown outlines the major 
characteristics of these grades. Special grades include fibre spe- 
cifically adapted for these mechanical purposes: abrasive, bobbin, 
flexible, forming, pattern, shuttle, sanitary goods, trunk and case. 
Built-up sheets can be supplied that are lower in cost than stand- 
ardard thick sheets. 





GOOD EXAMPLES of Diamond Fibre formed and machined by C-D-F. Left— 
An insulating barrier made from three pieces of fibre, punched and formed. 
Fibre tubing is even used for rivets. Right—A fibre tube which has been smooth- 
sawed to length, punched twice and countersunk. C-D-F can handle the entire 
job for you, do it faster and at low cost. This includes selecting and testing the 
proper grade of fibre, machining and inspection. assembling if needed. 


You can cut costs... improve design...simplify purchasing 


with C-D-F DIAMOND’ 






VULCANIZED FIBRE 








C-D-F Hard, stiffest grade. High density. 
BONE Resists wear, abrasion, has high compressive strength. 
FIBRE Good dielectric strength when dry. ; 
Super machining qualities. Not recommended for bending. 
C-D-F Mechanical and electrical grade. Medium density. 
COMMERCIAL Tough, pliable. Good mechanical properties. 
FIBRE Fair dielectric strength, normally high when dry. 


Can be bent, punched, and formed. 





C-D+ Electrical insulation ‘“‘fish paper’’ grade. 
DIAMOND Unusually free from foreign matter. : 
aainen Withstands extreme bending and forming without cracking. 


High dielectric strength, except under high humidity. 














WHAT IS FIBRE? 


Vulcanized fibre is made by combining layers of chem- 
ically jelled paper. The chemical compound used in 
gelling the paper is subsequently removed by leaching 


and the resulting product, after being dried and finished 
by calendering, is a dense material of partially regener- 
ated cellulose in which the fibrous structure is retained 
in varying degrees, depending upon the grade of fibre. 

—NEMA Standard VU 1-1.1 


VULCOID—A RESIN-IMPREGNATED FIBRE 


One of C-D-F’s products is a great material called Vulcoid. 
Vulcanized Fibre is its base, but a special combination of C-D-F 
resins give Vulcoid a moisture resistance intermediate between 
vulcanized fibre and that of higher-cost laminated thermosetting 
plastic. One company uses Vulcoid for electric light switch parts 
where it cuts their costs and improves their products. Another 
big outfit uses Vulcoid in place of fibre for its improved electrical 
properties and good formability. If you have never tested or 
heard of this C-D-F exclusive, write for details and samples. 


MANY LESSONS IN FIBRE KNOW-HOW 


At C-D-F there are bins holding thousands of sample Diamond 
Fibre parts — for electrical, textile, materials-handling, and 
machinery applications. They represent years of experience in 
designing and machining fibre to meet exacting needs. Also, they 
stand for C-D-F’s ability to 
help you solve your specific 
materials selection prob- 
lem. Get the facts about 
C-D-F and Diamond Fibre. 
Call your nearest C-D-F 
sales engineer (offices in 
principal cities), or look in 
Sweet’s Product Design 
File. Write for samples and 
the new 1955 Diamond 
Fibre catalog with com- 
plete mechanical and elec- 
trical properties, size charts. 
Enclose your print for quo- 
tation—C-D-F is a big, re- 
liable source of supply! 
WRITE FOR NEW DIAMOND FIBRE CATALOG! 


Contin Ditunwnd fibre 


CONTINENTAL-DIAMOND FIBRE COMPANY 
NEWARK €&6, DELAWARE 


PAS RLS Tn AR RRR ARE ROI A 





C-D-F CORRUGATED FIBRE is used 
by manufacturers of distribution trans- 
formers for load and oil ducts. The 
corrugations do not flatten out after 
baking or in oil at temperatures normal 
to such units. Also, it is more eco- 
nomical than laminated molded thermo- 
plastic and can be cut to size, with a 
big saving in time and materials. 
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PRECISION 
ATTENUATION 


TO 3000 me! 


Protected under Stoddart Patents 


six- position 
TURRET ATTENUATOR 
featuring PULL-TURN-PUSH action 


FREQUENCY RANGE: de to 3000 me. 
CHARACTERISTIC IMPEDANCE: 50 ohms. 
CONNECTORS: Type “N” Coaxial female fit- 
tings each end. 

AVAILABLE ATTENUATION: Any value from 
1 db to 60 db. 

VSWR: 1.2 max., de to 3000 mc/s, values from 
10 to 60 db. As value decreases below 10 db, 
VSWR increases to not over 1.5. 

ACCURACY: = 0.5 db. 

POWER RATING: One watt sine wave power 
dissipation. 





SINGLE “IN-THE-LINE’” ATTENUATOR PADS 
and 50 ohm COAXIAL TERMINATIONS 


This new group of pads and terminations features 
the popular Type C and Type N connectors, and 
permits any conceivable combination of the two 
styles. For example, the two connector types, either 
male or female, can be mounted on the same atten- 
vator pad, with or without flanges, so that it may 
serve as an adapter as well as an attenuator. 
Frequency range, impedance, attenuation, VSWR, 
accuracy and power rating are as designated 
above. Send for free bulletin entitled ““Measure- 
ment of RF Attenuation.” 


ee 
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AAT . 
66044-B Santa 


STODDART AIRCRAFT RADIO Co., Inc. 


1-Y 








(Continued from page 44A) 


tents. This new edition may be obtained 
from General Electric tube distributors. 


Power-Line Carrier Equipment. The 
complete line of Westinghouse power-line 
carrier equipment (type FD) for voice 
communications is described in a new 24- 
page booklet available from the company. 
Some features of type FD equipment de- 
scribed are improved receiver selectivity, 
operation from station batteries, filament 
current regulation, and accessibility of 
assemblies. Use of carrier for manual 
simplex, duplex, and automatic simplex 
voice communications is discussed. For a 
copy of this bulletin, 84-400, write West- 
inghouse Electric Corporation, Post Office 
Box 2099, Pittsburgh 30, Pa. 


Multiple-Pressure Readout Systems. 
Multiple-pressure readout systems to speed 
up data handling for process industries, 
wind tunnels, engine test facilities, and 
marine model basins are illustrated in a 
new 12-page catalogue. These packaged 
systems utilize a single high-accuracy sens- 
ing device and pressure comparators to 
sample up to 200 pressures simultaneously 
with accuracy of 1 part in 2,000. Opera- 
tion, applications, and performance char- 
acteristics are illustrated with photographs, 
dimension drawings, and schematic dia- 
grams. Catalogue 58-75 is available on re- 
quest from Fischer and Porter Company, 
393 Jacksonville Road, Hatboro, Pa. 


Vulcanized Fiber and Laminated Plastic. 
“Engineering Materials for Modern In- 
dustry” is the title of a 16-page 2-color bul- 
letin published by National Vulcanized 
Fibre Company, covering the properties, 
grades, and uses of National vulcanized 
fiber and Phenolite laminated plastic. 
Case studies match physical properties to 
typical uses for both of these materials. 
Tables list the general properties of the 
several grades of National vulcanized 
fiber and the 40 grades of Phenolite lamin- 
ated plastic. Copies of this bulletin are 
available without charge from National 
Vulcanized Fibre Company, 1055 Beech 
Street, Wilmington 99, Del., or National 
Fibre Company of Canada, Ltd., 107 
Atlantic Avenue, Toronto, Ont., Canada. 


Electrical Measurement. Baldwin SR-4 
load cells and load beams for electrical 
measurement of weight and force are pre- 
sented in a 20-page bulletin no. 4307 by 
Baldwin - Lima - Hamilton Corporation, 
Philadelphia 42, Pa. Principles of meas- 
urement, specifications of load-sensitive 
devices, available instrumentation, and 
typical applications are included in the 
bulletin. 


Nuclear Reactor Controls. ‘‘Control Sys- 
tems for Nuclear Reactors,” published by 
Leeds and Northrup Company, outlines 
the design, instrumentation, and fabrica- 


(Continued on page 52A) 
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This new line of 

Power Rectifiers features 

@ High efficiency ...up to 97% 

e Lowest forward drop 

@ High reverse to forward ratio 

e@ No reforming required after storage 

e@ Unlimited life expectancy 

@ Ratings: 
26 to 66 AC input volts per junction 
150 to 100,000 amps DC output 


Operating temperature range 
55 Cto +75 C 


~ 


Tahtciaatenatelar: metetondhitss « 


~ 
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Neutral Supported 
Secondary and 
Service Drop Cables 


Standard constructions to meet 
IPCEA requirements — special 
constructions to meet your re- 
quirements. 


COLLYER INSULATED WIRE COMPANY 
245 ROOSEVELT AVE., PAWTUCKET, R. I. 
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tion of complete “‘package” control sys- 
tems for operation of any type of research 
or power reactor. The 8-page brochure 
explains the control channels which com- 
prise a reactor control system, and dis- 
cusses the various services offered by the 
company as a part of their “package” 
concept of control system engineering. 
Request Folder ND46-70-700(7) from 
Leeds and Northrup Company, 4934 
Stenton Avenue, Philadelphia 44, Pa. 


Liquid Level Bulletin. A 26-page bulle- 
tin describing the complete line of liquid 
level gauges for indicating, recording, con- 
trolling, and telemetering has been re- 
leased by The Bristol Company. The 
bulletin shows float-type, pressure-type, 
differential pressure-type, and bubbler-type 
liquid and water level gauges, in strip and 
round-chart models. Air or electric con- 
trollers are available in several modes. 
Engineering data on the choice of the 
proper bulb and instrument for a given 
installation are presented, as well as in- 
stallation information on liquid level tele- 
metering and remote control. Copies of 
bulletin L707 are available on request 
from The Bristol Company, Waterbury 20, 
Conn. 


Varistors. Comprehensive data on ap- 
plications, characteristics, current ratings, 
enclosures, terminations, etc., of these 
asymmetric nonlinear resistors are given 
in catalogue data bulletin SR-3. Write 
to International Resistance Company, 
401 North Broad Street, Philadelphia 8, 
Pa. 


Quick Reference Instrument Catalogue. 
A “Quick Reference Instrument Cata- 
logue” which lists the salient points of Du 
Mont cathode-ray oscillographs and ac- 
cessory instruments is available from the 
Technical Sales Department, Allen B. 
Du Mont Laboratories, Inc., 760 Bloom- 
field Avenue, Clifton, N. J. The 8-page 
catalogue is divided into three sections de- 
voted to low-frequency instruments, high- 
frequency instruments, and accessory in- 
struments. A picture of each instrument 
is provided together with a brief description 
of its features and some of the fields in 
which it has applications. Additional 
technical information is provided in tabu- 
lar form in each of the catalogue’s three 
sections. 


Inductronic System for Measurement 
and Control. A new catalogue illustrat- 
ing and describing the Weston Inductronic 
system for measurement and control has 
been issued by the Weston Electrical In- 
strument Corporation, 614 Frelinghuysen 
Avenue, Newark 5, N. J. The catalogue 
gives technical information, as well as ap- 
plication data, on the basic Weston In- 
ductronic d-c amplifying unit as well as on 
its companion models such as multirange 
d-c amplifiers, sensitizing amplifiers, in- 
tegrating fluxmeters, limit and knife-edge 
control units, and product resolvers. 
Copies of this catalogue are available by 
writing direct to the manufacturer. 
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,..Get the complete ine" Off-the-Shelf” from 
our Electrical Distributor oF have assembled 
panels shipped right to the job 


It's a top quality line throughout! N 


L 


ote the compact, 


q streamlined beauty. A closer look reveals such outstand- 
S ing features 45- Distributed phase bus arrangement with 
) cleat identification for simplified load balancing. Adjust- 
2 able, indicating trim clamps. Galvanized box with large 
gutters for real accessibility, yet compac 
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between 16" wall studs. Most important the 
breaker eve! built, 


NQO panelboard offers you the finest 
SWINGRIP mounting. 


with exclusive 
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No other breaker has all these fe 

which make Qo the finest breaker e 

e Plug-In for maximum flexibility 45 well as ease of ins 
lation and maintenance- 


* Quick-make, 
operation, has e 




















mechanism provides positive 


xcellent “feel”. Assures positive opera- 
i itchi ditions. 











5 Compensated thermal trip e> 
allowable load un i i temperatures. 
e Sensitive calibrated magnetic trip 
sistent response to harmful overloa 
© Non-interchangeable design discourages 
40 and 50 ampere units where 15 or 20 ampere 
have been installed. 
e Trip indication oD overload oF short. Handle moves to 
middle position. 
e Positive action ° 























{ handle against contact members guat 
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TRIS eS NEW QO BREAKER 
w antees circuit opening. 
. with Exclusive s INGRIP mounting ¢ Compact design — * width for each pole conserves val- 
uable space- 
e SWINGRIP mounting provides easier installa- 
th bus bars- 











e Exclusiv 
tion, automatic alignment, positive contact wi 
ucts 
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if any. Part of portable test set is shown on 


table. Contacts, shown in small sketches, are of 
precious metal fused to base metal. 


He's fingerprinting” 


a relay contact 


Bell Laboratories microchemists have per- 
fected an ingenious new technique for “finger- 
printing” relay contacts, the tiny switches on 
which a dial telephone system critically depends. 


Using a portable test set, a chemist makes a 
plastic print of a contact. On-the-spot examina- 
tion of the print with a microscope and chemical 
reagents quickly reveals the effects, if any, of 
arcing, friction, dust or corrosive vapors. While 
the chemist studies the print, urgently needed con- 
tacts continue in service. Findings point the way 
to improve relay performance. 


Above, Bell Laboratories micro- This is another example of how Bell Tele- 


chemist applies plastic disc in ‘ 
heated nos tyler contact. phone Laboratories research helps to keep your 


Imprint reveals contours of sur- telephone system the world’s best. 
face and picks up contaminants, 


Preparing disc for microscopic examination. On- A microscopic look at disc often provides lead to Here the plastic disc has picked up microscopic 
the-spot examination may reveal acid, alkali, sul- nature of trouble. Unlike actual contact, print lint that insulates contact, stops current. (Picture 
fur, soot or other polluting agents peculiar to can be examined with transmitted light and enlarged 200 times.) Traces of contaminants are 


an area. 


high magnification. identified in microgram quantities. Inert plastic 
resists test chemicals that would damage contact. 


Bell Telephone Laboratories 


Improving telephone service for America provides careers 
for creative men in scientific and technical fields 
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General Cable has pioneered in the research 
and quality-controlled manufacture of Service 
Drop Cables. Down through the years their 


prene, polyethylene, or rubber and neoprene. 
Messengers are available in aluminum, ACSR, 
copper, copperweld, or copper-copperweld. 


extremely high uniformity and dependability 


have gained an outstanding reputation. Service Drop Type SD is available in either 


aluminum or copper conductors ... with one 
insulated conductor, or two parallel insulated 
conductors with concentric uninsulated neu- 
tral conductor... flame-and-moisture- 
resistant covering. 


Examples of the.more popular types are: 


Service Drop Aerial Messenger Types are avail- 
able in constructions consisting of one, two 
or three insulated conductors twisted around 
a bare messenger. Conductors in aluminum 
or copper. Jnsulations are available in neo- 


GENERAL CABLE 


CORPORATION 


See your friendly General Cable Representa- 
tive for complete listings and more details, 


GENERAL CABLE CORPORATION 
Executive Offices: 420 Lexington Ave., New York 17, N. Y. 


SALES OFFICES: Atlanta « Baltimore ¢ Boston ¢ Buffalo 
Chicago ¢ Cincinnati ¢ Cleveland ¢ Dallas « Denver ¢ Detroit 
Erie (Pa.) © Greensboro (N. C.) ¢ Houston ¢ Indianapolis 
Kansas City ¢ Lincoln (Neb.) *¢ Los Angeles © Memphis 
Milwaukee ¢ Minneapolis e New Haven « Newark (N. J.) 
New York ¢ Philadelphia ¢ Pittsburgh ¢ Portland (Ore.) 
Richmond (Va.) ¢ Rochester (N. Y.) # Rome (N. Y.) 
St. Louis ¢ San Francisco ¢ Seattle ¢ Springfield (Ill.) 
Syracuse ¢ Tampa ¢ Tulsa ¢ Washington, D.C 
BARE, WEATHERPROOF, INSULATED WIRES and 


CABLES FOR EVERY ELECTRICAL PURPOSE 
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IS A 


PRECIPITATOR 


POST 


This insulating support is 35” high, 
912” diameter, weighs 140 pounds, and is tapered for 
trim appearance and reduced clearance at the top. It 
is a single integral porcelain—like all Lapp porcelains, 
made in one piece rather than of sections glazed to- 
gether. It is one of hundreds of Lapp designs incor- 
porating Lapp Fog-Type corrugations—for handling 
the serious contamination problems characteristic in 
precipitator applications. 

Among insulators in use today, probably none en- 
counter more severe mechanical and electrical duty 
than do those for electrical precipitator insulation. 
Surface contamination ranges from thick layers of dust 
to hot tar on the insulators. Operation may be at tem- 
peratures ranging up to several hundred degrees F. 


Lapp 


They encounter high humidity, thermal shock, me- 
chanical impact and high bending loads. 

In many years of experience in production of insu- 
lators for precipitators, Lapp has never made an effort 
to be “low bidder” for this business. Yet a steadily 
increasing percentage of all such insulators are made 
by Lapp. Where requirements are most severe, the 
value of Lapp design and Lapp production methods is 
quickly evident. Where the only measure of perform- 
ance is in a long service record—it takes longer. But 
. +. Om any porcelain component on your system... 
on every insulator supporting your transmission lines 
... the name LAPP is a symbol of an extra margin of 
operating security, long life, low upkeep. 

Lapp Insulator Co., Inc., Le Roy, N. Y. 
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gi “with, RCA DURING THE LAST YEAR! 


*Plus hundreds of recent engineerin 9 
SYSTEMS ENGINEERING graduates, field service engineer 


ELECTRONIC DATA PROCESSING and other categories of engineers. 
You, too, can find your future, in one of these fields: : GUIDED MISSILE ELECTRONICS 
pit AVIATION ELECTRONICS 
ELECTRON TUBES 








Chemis! 
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SYSTEMS 


y ntegration of theory, equipments, and environment 
create and optimize major electronic concepts.) 


AIRBORNE FIRE CONTROL 
DIGITAL DATA HANDLING DEVICES 
MISSILE AND RADAR 

INERTIAL NAVIGATION 

















COMMUNICATIONS 


DESIGN * DEVELOPMENT 

COLOR Tv TuBES—Electron Optics—Instrumental Analysis 
—Solid States (Phosphors, High Temperature Phenomena, 
_Photo Sensitive Materials and Glass to Metal Sealing) — 
RECEIVING TUBES—Circuitry—Life Test and Rating—Tube 
Testing—Thermionic Emission 
SEMI-CONDUCTORS— Transistors—Semi-Conductor Devices 
MICROWAVE TUBES— Tube Development and Manufacture 
(Traveling Wave—Backward Wave) 

GAS, POWER AND PHOTO TUBES— Photo Sensitive Devices— 

lass to Metal Sealing 
AVIATION ELECTRONICS Radar—Computers—Servo Mech- 

~anisms—Shock and Vibration—-Circuitry—Remote Control 

—Heat Transfer—Sub-Miniaturization—Automatic Flight 
—-Design for Automation—Transistorization 
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~ Compurans—Systems— Advanced Development—Circuitry 
~ —Assembly Design—Mechanisms—Programming 
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~ Mech. and Elec.—Automatic or Semi-Automatic Machines 


Location Code: C—Camden, N.J. F—Florida H—Harrison, N.J. L—Lancaster, Pa. M—Moorestown, N.J. Q—Overseas W—Waltham, Mass. X—Los Angeles, Calif. 












































Modern, liberal benefits program . . . Relocation assistance available. i Mr. John R. Weld, Employment Manager 
Please send resume of education and experience, with location preferred, to: i Dept. A-14G, Radio Corporation of America 
30 Rockefeller Plaza, New York 20, N. Y. 


RADIO CORPORATION of AMERICA 


Copyright 1955 Radio Corporation of America 
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Engineering 
cieties 


New York 


Chicago 
8 West 40th St. 





Personnel Service, Inc. 


84 East Randolph St. 


Detroit 
100 Farnsworth Ave. 


San Francisco 
57 Post St. 








In applying for positions advertised by the Service, the 
applicant agrees, if actually placed in a position through 
the Service as a result advertisements, to pay 
pl t fee in dance with the rates as listed by the 
Service. These rates have been established in order to 
maintain an efficient, wey personnel service and are 
available upon request. is also applies to registrants 
whose notices are placed in these columns. 


Men Available 


PROF ENGR; BASc electrical, MS mechanical (heat 
pump); 36, married; Univ lecturing (3); consultant des, 
erection refrigeration plants, breweries, air cond, indus, 
comfort, incinerators (5); power field (3). E-828-SF- 
518-San Francisco. 





DEGREES (in law and elec engr). 
Wisc Bar. 


Admitted to the 
Regis to practice before the U. S. Patent 
Office. Desires pos whaeby qualifications can be uti- 
lized. Patent law or other type position. E-829-211- 
Chicago 


ADMIN OR MANAGEMENT; B:.S.; regis prof E.E., 
Cal.; 43, married; 18 yrs exper primarily electronics and 
communications, engrg des. lab supervn, factory asst 
mgr, sales engrg, broad general engrg background 
Working knowl of Spanish. Desires plant engrg or 
sales engrg management or admin pos. Location pre- 
—— San Francisco peninsula or southern Cal. E- 
830-SF-2-3 


Positions Available 


ASSISTANT PROFESSORS, Ph.D. or Doctor of 
Science in electrical engineering or physics, but would 
consider M.S.; one with interest in microwave theory 
and research; one interested in network theory and re- 
search ; one interested incomputers. All positions avail- 
able September, 1955. Appointments on a ten-month 
basis. Location, Midwest. W-1161. 


ENGINEERS. (a) Designer, electrical graduate, with 
M.S. degree in electronics or B.S. degree and two years’ 
experience in the electronics field, for the design of carrier 
equipment, industrial controls, plus some transistor cir- 
cuit work. (b) Design Engineer, electrical graduate, 
with railroad experience for developmental and design 
work on relay circuits, centralized traffic control signal- 
ing services. Involves extensive investigations and 
handling of customer service. Salary open. Location, 
New York State. W-1200. 


PROFESSOR of electrical engineering and Chairman 

of department; 35-45. Must have Doctorate and have 

specialized in electronics. Industrial experience de- 

sirable. Should be interested in research and develop- 

i graduate work. Location, New England. 
/-1231 


CHIEF ENGINEER, electrical, chemical or mechanical 
graduate, with at least ten years engineering experience, 
eagh sarees administrative ability, to head up engineer- 
ing department of leading manufacturer of industrial 
eo uipment in metropolitan Boston area. Salary, 

12,000-$15,000 a year. Employer will pay placement 
fee. W-1270. 


PROFESSOR for electrical engineering ane. 


Should have Ph.D. degree or Professional Engineer’s 
license in New York State. Will teach electrical engi- 
neering courses and would perhaps be considered for a 
Chairmanship. Salary, $8300-$12,050 per academic 
year. Location, New York State. W-1282. 


ASSISTANT PROFESSOR with Doctor of Philosophy 
or Doctor of Science degree majoring in electrical engi- 
neering, to teach undergraduate and graduate courses to 
electrical and non-electrical students; to assist with 
pene of laboratory equipment and facilities. Must 
ave training in electronics, instrumentation and servo- 
mechanisms. Opportunity for research work. Salary, 
$5400-$6500 a year. Location, East. W-1339. 


CHIEF ENGINEER, 35-42, mechanical or electrical 

graduate, with design, production and administrative 

sea covering FHP motors, synchros and controls. 

- =, $12,000 a year. Location, New England. 
-1374. 


ENGINEERS (a) Distribution Engineers, graduate 
electrical, 30-40, with at least eight years’ experience in 
design, operation and maintenance of distribution fa- 
cilities, for a rapidly growing utility. Knowledge of 
Spanish or Portuguese desirable. Location, South 
America. (b) Distribution Engineers, graduate elec- 
trical ; senior with at least ten years’ field experience with 
operating utility; junior with three years’ experience. 

nowledge of Spanish or Portuguese desirable. Some 
travel in Latin America. W-1407. 


ELECTRO-ACOUSTIC ENGINEER, 24 or over, 


M.S. in electrical engineering, with major in physics or 
electrical engineering; graduate. acoustics and trans- 
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Apply by letter addressed to the key number and 
mail to New York Office. When making application 
for a position include six cents in stamps for arding 
application to the em es and for returning when 
necessary. A weekly bulletin of engineering positions 
open is available to bers of the co-operating societi: 
at a subscription rate of $3.50 per quarter or $12 per 
annum, payable in advance. 





ducer design. Knowledge of and experience in design, 
construction and test procedures in electro acoustic re- 
search and development with emphasis on design of dy- 
namic units and development of electro dynamic trans- 
ducers. Salary, $5196-$7512 a year. Location, West- 
chester County, N. Y. W-1410. 


PLANT ENGINEERS, 25-35, graduate mechanical or 
electrical, for compiling data for various projects, run- 
ning tests, supervising equipment installations, preparing 
minor designs and layouts, conducting preliminary 
equipment requirements and investigations and carrying 
through on projects, for paper company. Location, 
Midwest. W-1430. 


CHIEF ENGINEER, graduate electrical, 33-43, ex- 
perienced in electrical substations, transmission and dis- 
tribution systems, for manufacturer of electrical power 
fittings and connectors. Salary open. Location, 
South. W-1442. 


DESIGN ENGINEER, electrical graduate, with five 
to ten years’ experience on design of control equipment, 
i.e. relay circuits, audio tone generators and selective 
tone receivers. Salary, $7200-$7500 a year. Location, 
New York, N. Y. W-1494. 


SENIOR DESIGNER, electrical graduate, with at least 
ten years’ experience on public utility generating stations 
and industrial power plants. Salary, $8000-$10,000 a 
year. Location, Connecticut. W-1521. 


TEACHING PERSONNEL. (a) Assistant or Associate 
Professor of electrical engineering, 30-40, to teach 
courses in alternating current circuits and machines. 
Must have advanced degree and teaching and industrial 
experience. (b) Assistant or Associate Professor of elec- 
trical engineering, 30-40, to teach courses in electronics 
and communication. Must have advanced degree and 
teaching and industrial experience. Salaries open, de- 
pending on qualifications. Location, New England. 
W-1529. 


TRADE ASSOCIATION EXECUTIVE, preferably 

electrical engineering graduate, probably with some 

Seng soe teaching experience; a flair for organiza- 

tion. ill take charge of sectional activities throughout 

= ate S. Salary open. Location, New York, N. Y. 
-1 ° 


TEACHING PERSONNEL. (a) Professor of electrical 
engineering, either with Ph.D. or M.S., with consider- 
able industrial (not power) background for leading ac- 
credited engineering university on the eastern seaboard. 
Salary open. (b) Instructor or Assistant Professor, 
electrical graduate, with M.S. degree preferred. Salary, 
$4500-$5000 for Instructor; $5400-$5600 for Assistant 
Professor. W-1563, 


RESEARCH SUPERVISOR, 32-35, electrical or phys- 
ics graduate, preferably with advanced degree and at 
least five years’ research and development experience 
covering servo mechanisms and instrumentation for 
process controls in industrial and chemical fields. Salary 
open. Location, East. W-1568. 


DESIGNER, 25-45, graduate electrical engineer, with 

at least five years’ experience in connection with the de- 

sign, selection, erection and maintenance of electrical 
uipment. Salary open. Location, Pennsylvania. 
-1576(a). 


ENGINEERS. (a) Experimental Physicist for mate- 
rials research in polycrystalline and single crystal mate- 
rials for ferroelectric and piezoelectric applications. 
Should be familiar with crystal structure, techniques of 
fabrication and measurement. Responsible — 
and excellent Ap meee Salary open. (b) lop- 
ment Engineer, electrical graduate, for the field of elec- 
tronic components for design, testing and evaluation of 
dielectric materials, capacitors and resistors. Develop- 
ment of techniques for fabrication. (c) Technical 
Writer, electrical graduate, for technical publications. 
Should be familiar with electroacoustic and electronic 
field and capable of writing for brochures, catalogues, 
instruction manuals, etc. Salary open. Location, cen- 
tral New Jersey. W-1586. 


RESEARCH AND DEVELOPMENT ENGINEERS. 
(a) Digital Circuitry and/or Computer Engineer. (b) 
Servo Engineer with controls and computer background. 
(c) Antenna and Microwave Engineer. Salaries, 
$8000-$12,000 a year. (d) Fire Control Engineer. (e} 
Navigation Engineer. (f) Missile Guidance Engineer. 
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These applicants should have at least ten years’ experi- 
ence in development and research. Salaries, to $18,000 
a year. Company will pay fee. Location, Long 
Island, N. Y. -1595. 


RESEARCH ENGINEER, preferably with M.S. and 
some experience in theoretical analysis of electro- 
mechanical devices, such as gyroscope, accelerometer 
etc. In addition will be permitted to take advanced 
engineering courses for Doctor’s degree. Salary, $7000— 
$8000 a year. Location, New York, N. Y. W-1602. 


ENGINEERS (a) Project Engineer, B.E.E. or M.E.E. 
preferred, with five years’ experience in design and de- 
velopment of circuitry and equipment of a varied nature 
covering servos, microwave, pulses, video communica- 
tion, etc. Military experience in radar, communica- 
tion maintenance or electronic control desirable. Salary 
$8320-$9620 a year. (b) Senior or Project Engineer, 
mechanical or electrical or physics degree; experience 
and broad knowledge of photographic field ; experienced 
in aerial photography and photo processing. Capable 
of handling technical liaison on ground processing equip- 
ment. Salary, $7540-$9620 a year. (c) Senior or Proj- 
ect Engineer, B.E.E. or M.E.E., heavy theoretical and 
practical background in design of transistors and mag- 
netic amplifiers. Salary, $7540—$9620 a year. Loca- 
tion, Long Island, N. Y. W-1609. 


ENGINEERS. (a) Development and/or Test Engineer, 
electrical or physics degree, with one to five years’ ex- 
perience on components, preferably potentiometers. 
Capable of detailing and progressing technical investiga- 
tion; to write technical reports and supervise personnel. 
Salary, $5200-$6700 a year. (b) Electric Test Engineer, 
graduate electrical, with experience in testing electronic 
airborne equipment and components. Salary, $5200- 
$6500 a year. (c) Electronic Engineer, graduate elec- 
trical, with several years’ design and development of 
servo systems. Salary, to $6700 a year. Location, 
Long Island, N. Y. W-1611. 


SALES ENGINEER, graduate electrical or mechanical, 
28-35, experienced in engineering design, construction, 
maintenance and practical plant operation. Must be 
able to work closely with customer’s engineering and 
operating personnel. Equipment sales in field on bag 
filling and other packaging and materials handling 
equipment. Salary, $4800-$7800 a year. Location, 
East. W-1626. 


ASSISTANT TO CHIEF ENGINEER, graduate elec- 
trical, with ten years’ experience in direct development 
and engineering of all mechanical as well as electrical 
details of a wide variety of competitive products; a 
proven record in successful development of automatic 
machines, devices and methods for mass production, for 
a manufacturer of automotive electrical parts. Salary 
open. Location, New York, N.Y. W-1631. 


ENGINEERS (a) Senior Technical Writer, to 45, 
graduate electrical or mechanical, with three years in 
engineering design and technical writing, to prepare a 
technical publication for manufacturer of electronic con- 
trols and automatic control systems. Salary, to start, 
$5200 a year. (b) Engineer Writer, to 45, graduate 
electrical or mechanical, to prepare technical publica- 
tions of greater complexity. Must have four years’ ex- 
—- in engineering design and technical writing. 
alary, to start, $5512 a year. (c) Assistant Supervisor, 
Patents, 26—35, graduate with degree in engineering or 
science and law, to work with over 150 outstanding 
engineers, supervisors and management executives; 
handle increasing responsibilities. Must have Patent 
Law and engineering experience. Salary, to start, 
$6500 a year. Location, New York, N. Y. W-1632. 


EDITOR, electronics, recent graduate or better. Should 
be able to e. and/or take shorthand. Knowledge of 
electronics. ill edit, rewrite technical reports on re- 
search and development; write original reports and 
handle technical correspondence. Company manufac- 
tures radios. Salary, $4500-$6000 a year. Location, 
Chicago, Illinois. -3072. 


PROJECT ENGINEER, electrical or mechanical grad- 
uate, with at least two years’ experience in small product 
design or development such as small maintenance tools. 
Will develop and design new products, redesign old prod- 
ucts. Some field work with customers. Company 
manufactures electrical maintenance tools. Salary, 
$5400-$7800 a year. Employer will negotiate fee. 
cation, Illinois. C-3095. 


ASSOCIATE EDITOR, graduate electrical, mechanical 
or chemical “ae marco 25-30, with at least two years ex- 
perience in industry. Knowledge of photography de- 
sirable. Will train for work as associate editor for pub- 
lication covering the plant management, maintenance 
and power plant fields. To start, will work on analyzing 
mail and spot news. Must be draft exempt. Salary, 
$5000-$6000 a year. Employer will negotiate fee. 
Travel 25% of time. Location, southern Michigan. 
C-3103. 


TEACHING PERSONNEL. (a) Assistant Professor 
or higher if qualified. M.S. degree plus Ph.D. or broad 
experience in field of power. Interest in research or 
contributions to field of electrical engineering essential. 
Will teach fundamental electrical engineering courses 
and D.C. and A.C. machinery. (b) As above except 
specialty in field of high ee Will teach basic 
electronics. (c) Instructor, Master’s degree plus two 
years’ experience in industry or omg Interest in 
research essential. Will teach basic electronics and 
electrical engineering courses to students not ——— 
in deomieal enginascing. Positions start tember, 
1955. Salary open. Location, Midwest. D-2127. 


Jury 1955 





@ Even casual visitors have told us that a trip through 
IBM’s new Research Laboratory at Poughkeepsie, 
N. Y., is a revealing experience. 

But engineers often say that what they sense here 
is even more impressive than what they see! 
What the engineer feels immediately at IBM is an 
air of freedom. .. the exciting presence of new ideas 
... the stimulation of important things happening. 
This, we believe, is the climate in which truly cre- 
ative engineering is born and grows—the climate 
that makes working at IBM so truly satisfying for 
engineers. 


The climate of 


Creativeness... 


on * ie 
me mS : 


We believe, too, that this climate has contributed 

beyond measure to IBM’s leadership, recognized 

the world over, in the field of data processing for 

business, science, government. 

INTERNATIONAL BUSINESS MACHINES CORPORATION 
590 Madison Avenue, New York 22, N.Y. 


For outstanding creative men in scientific and 
technical fields, IBM offers unlimited opportunities 
to make important and rewarding contributions. 





WORLD'S LARGEST 
PRODUCER OF DATA PROCESSING 
MACHINES 
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SPEEDY PATHS TO SUCCESS FOR MEN 
OFTALENTAT SYLVANIA 


Career positions with 
ELECTRONIC SYSTEMS DIVISION 
Between 1947 and 1953, the electronics industry grew 


24% ... Sylvania grew 32%. 


That is why Sylvania today offers important paths 
to quick success for men of talent. 


Here, individual achievement is swiftly recognized 
and rewarded, as witness the fact that the average 
age of top level executives is only 45. In this stimu- 
lating Sylvania atmosphere, original thinkers can 


and do go far. 


BOSTON 
Laboratory 
Majors in E.E., M.E., 
Math, Physics. Research 
& Development experi- 

ence in— 
Countermeasures 
Systems Analysis 
Transistor Applications 
Noise Studies 
Antenna Res. & Dev. 
Systems Development 
Mechanical Design 
Miniaturization 
Digital Computer 
Circuits & Systems 
Circuit Design 
Shock & Vibration 
Technical Writing 
Missile Analysis 


BUFFALO 
Engineering 
Majors in E.E., M.E., 
or Physics. Experience 
in Product Design and 
Advanced Develop- 

ment in— 


Circuit Design 

Systems Development 
Pulse Techniques 

F.M. Techniques 
Equipment Specifications 
Components 

Microwave Applications 
Servo Mechanisms 
Subminiaturization 
Mechanical Design 
Shock & Vibration 

Heat Transfer 











ARO, INC. 


TULLAHOMA, TENNESSEE 
has positions available for 


ELECTRICAL 
ENGINEERS 


In the operation amd mainte- 
nance of a 400,000 Kilowatt 
161-KV industrial type power 
system at the Arnold Engineering 
Development Center located in 
Middle Tennessee. 

One vacancy is for a Supervisor 
of load dispatching who will be 
responsible for system operation 
and dispatching 400-MW of 
power to aeronautical develop- 
ment testing laboratories. 
Another vacancy is for an engi- 
neer with experience in the 
operation, maintenance and de- 
sign of high voltage electrical 
distribution systems. Atleast five 
years experience is required. 


Qualified applicants for these 


positions should send a brief 
resume to: 


Lee C. Kelley, Jr. 
Box 162 
Tullahoma, Tennessee 





ENGINEERS 


The Veterans Administra- 
tion needs design engineers 
in its Central Office in 
Washington, D. C., to work 
on additions and improve- 
ments to Veterans Hospitals. 
Jobs are open for electrical 
engineers,architectural engi- 











INTERVIEW AND RELOCATION EXPENSES neers, civil engineers (sani- 

- WILL BE PAID BY SYLVANIA . ‘ tary), mechanical engineers 
ylvania provides financial support for advance 4 ° 

education as well as liberal insurance, (heating and plumbing), 

pension and medical programs. ' structural engineers, and 

Please forward resume to: 

Professional Placement Supervisor 


SYLVANIA ELECTRIC PRODUCTS INC. 


Thomas A. Tierney | Randall A. Kenyon 
100 First St. | 175 Great Arrow Ave. 
Waltham, Mass. | Buffalo 7, N. Y. 


y 
SYLVANIA 


SYLVANIA ELECTRIC PRODUCTS INC. 


Your inquiries will be answered within two weeks 


design architects. 


Engineers and _ architects 
who want further informa- 





tion about positions in the 
Veterans Administration 
should write to: Personnel 
Officer, Veterans Adminis- 
tration Hospital, Fort 
Thomas, Ky. 
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Boeing electrical engineers have vital and rewarding jobs 


This is the Boeing B-52—mightiest of 
the world’s jet bombers. The “wraps” 
are off it now. Some of the electrical 
engineers who made important contri- 
butions to its design are now at work on 
the B-52’s further development. Many 
more are working on other exciting 
“years-ahead” airplanes and guided mis- 
siles. But these new Boeing aircraft are 
classified, and cannot be shown here. 


Electrical engineers at Boeing have the 
satisfaction of vital jobs, where only con- 
stant experimentation can keep up with a 
progressing field. The importance of 
their art is steadily increasing in guided 
missile control, structural and flight test 
instrumentation, radar systems, acoustics, 
electro-mechanisms, antenna develop- 
ment, and many other specialties. 


Boeing engineers can point with pride 
to recent developments like the B-47 and 
B-52 jet bombers, the KC-135—Amer- 
ica’s first jet tanker, and the IM-99 
Bomarc pilotless interceptor. These 
Boeing engineers are now at work on 
widely diversified projects: rocket, ram 
jet and nuclear propulsion, supersonic 
flight, research in new materials, and 
many more. The result will be planes 
and missiles that will fly even faster, 
farther, and higher, and deliver an even 
greater punch. 

These are evidences of Boeing’s con- 
tinuing growth —a growth made possible 
by uncompromising insistence on engi- 
neering excellence. Boeing employs twice 
as many engineers now than at the peak 
of World War II. But even more engi- 


SEATTLE, WASHINGTON 


neers are needed for Boeing’s research, 
design and production teams. 

If you want the satisfaction of doing 
an important job—if you want individual 
recognition and regular merit reviews 
if you want to work with the finest equip 
ment and the pick of the nation’s engi 
neers—then it will pay you to investigate 
career opportunities at Boeing. 


JOHN C. SANDERS, Staff Engineer—Personne! 
Boeing Airplane Co., Dept. E-41, Seattle 14, Wash. 


Please send further information for my analysis 
| am interested in the advantages of a career 
with Boeing. 
Name 
University or 
college(s) 


Degree(s) Year(s) 


Address 


EAS, ye OAR Zone___State 


SOLEMN is 


Aviation leadership since 1916 
WICHITA, KANSAS 
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CLASSIFIED ADVERTISING 


For help and situations wanted, $2.00 per line. 
Sale and purchase of used machinery, etc., 
$2.50 per line, minimum 5 lines, maximum 30 
lines, not available to dealers. Address orders 
to: Classified Section, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 36, N. Y. 


When answering an advertisement, send all 
replies to box number specified, c/o ELECTRI- 
CAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y., unless other address is given. 





Positions Wanted 


SCOTCH ELECTRICAL ENGINEER, Ph.D., age 29, 
4 years’ experience power field—2 in U.S.—2 years full- 
time teaching, wishes to emigrate. Desires teaching 
position. Preference New York. Box 324. 


ELECTRICAL ENGINEER, BSEE,. Age 35, married, 
fluent French, Spanish, some German. Three year 
European assignment recently completed. Broad ex- 
perience application and installation wide range indus- 
trial electrical equipment. Excellent references. De- 
sires career — as technical or sales representative 
international organization U. S. firm. Box 325. 


ELECTRICAL ENGINEER, BSEE, Age 31, family. 
Five years’ experience large public utility. Plant main- 
tenance, engineering, testing: rotating machinery, 
transformers, controls. Desires position with responsi- 
bility and future. Box 326. 


EXPERIENCED ELECTRICAL ENGINEER, 12 
years design, application, installation, operation, main- 
tenance in heavy industrial plant. BEE, licensed Pro- 
fessional Engineer, Age 33, family. Valuable asset to 
General Office Engineering Staff. Will consider sales 
position. Box 327 


RETIRED ELECTRICAL ENGINEER—Fellow AIEE 
(Western Connecticut). Long and comprehensive ex- 
perience in Instruments, Measurements and Automatic 
Control (Both electrical and pneumatic). Will consider 
part-time projects in technical writing, analyses, reviews, 
patent preparation, etc. Interesting record of achieve- 
ment. Correspondence invited. Box 328. 


Positions Open 
TEACHING POSITIONS for September 1, 1955, are 


available at a University in the Southeast. Instructors, 
$3,500-—$4,300 ; Graduate Assistants (M.S. in 12 months), 
$110 per month, tuition free. Box 237. 


PROFESSORIAL POSITION OPEN on the faculty 
of the Department of Electrical Engineering of a mid- 
western university. Faculty rank and salary will be 
determined upon the qualifications of the applicant 
selected. Position starts in September, 1955. A Ph.D 
degree is desirable, but not necessary, if the applicant 
has a sufficiently strong research and publication record 
Box 289 


DISTRIBUTION ENGINEERS—Two competent 
graduate electrical engineers, age 30 to 40, with mini- 
mum 8 years experience design, operation and main- 
tenance of distribution facilities, required by rapidly 
growing utility desirable location South America. Por- 
tuguese or Spanish useful—not essential to start. Re- 
ply stating age, education, experience, personal particu- 
lars and minimum salary expected. Box 297. 


ENGINEER for electric motor manufacturer. Experi- 
enced and capable in design and theory of standard and 
special integral HP ratings. Salary open. Box 309. 


ELECTRICAL ENGINEER—with at least 10 years’ 
experience in power system stability problems. Re- 
quires thorough knowledge of electrical theory, sym- 
metrical components, relay application, and machine 
characteristics. Location—Midwest Utility. Salary— 
open. Reply stating age, education, experience, per- 
sonal data and minimum salary expected. Box 310. 


ELECTRICAL ENGINEER—For position as Applica- 
tion Engineer in Headquarters Sales Department of pro- 
gressive manufacturer of large synchronous and induc- 
tion motors, generators and associated control apparatus. 
Duties are to handle technical correspondence with 
engineer salesmen in field, prepare bids, negotiate orders, 
and work up price catalog data. Interesting, non- 
routine work mm ingenuity pays off and which can 


lead to more responsible position in Headquarters, or be 
stepping stone to outside sales office. Location—Min- 
neapolis, Minnesota. Salary commensurate with ability 


and experience. Box 312 

ENGINEERS-ELECTRICAL, CIVIL OR MECHAN- 
ICAL—Will consider recent graduates. Positions now 
available with one of the fastest growing organizations in 
the communication field. Unlimited opportunity for 
advancement. Reply stating age, education, experi- 
nen, personal particulars and minimum salary expected. 

ox 319, 
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GRADUATE ELECTRICAL ENGINEER, minimum 
of 10 years practical experience, having eneral all 
around experience in the electric power field, genera- 
tion and utilization, including all kinds of modern equip- 
ment, material, facility and control; specific experience 
in power transmission up to 66,000 volts, and town dis- 
tribution, including substations. Time served in the 
above branches should include both design and field 
supervision. Large American-owned sugar company. 
Salary not subject to U.S. income taxes under present 
laws. Reply giving complete details, stating age, mar- 
ital and military status, experience, technical training 
and salary requirements. eply will be held confiden- 
tial. Address Box 320. 


ACTIVE SALES REPRESENTATION WANTED 
for imported line of German Coil- and Armature Wind- 
ing Machines. All territories open. Please give full 
details. Box 321. 


ONE TO THREE TEACHER OPPORTUNITIES in 
Electrical (electronic), Mechanical (basic and drawing), 
and Heating and Air Conditioning subjects available 
now or later in an active, progressive, accredited tech- 
nical institute. Some industrial experience with B.S., 
M.S., or M.A. degree desirable, or the equivalent. Age 
25-55 approximately, good salary on 12 month basis. 
Advancement to Assistant Director or higher. Box 323. 


ELECTRONIC RESEARCH AND DEVELOPMENT- 
Challenging opportunities exist for all level positions in 
applied microwave circuit design and development, ana- 
log computers and aerodynamic simulators, servomech- 
anisms, navigational and automatic flight control, radar, 
and other applied research fields of electronics. Our 
firm is devoted entirely to research and development, 
numbers about 1100 and is owned by one of the nation’s 
leading universities. Our salary and benefit programs 
are on a par with industry. Graduate study at Univer- 
sity of Buffalo is encouraged through generous tuition re- 
fund program. Additional information on current 
openings will be sent uvon request. Cornell Aeronau- 
ee Laboratory, Inc., P. O. Box 235, Buffalo 21, New 
fork. 


MOTOR DESIGN ENGINEER, electrical graduate 
minimum 5 years experience designing fractional horse- 
power and military motors a synchros. Must be 
citizen. Salary dependent on experience. Other open- 
ings for ME and EE graduates. Wright Machinery 
Company, Subsidiary of Sperry-Rand Corporation, 
Durham, North Carolina. 


THE MOORE SCHOOL OF ELECTRICAL ENGI- 
NEERING OF THE UNIVERSITY OF PENNSYL- 
VANIA has openings for electrical engineers, mathemati- 
cians, and physicists. Work is available in the fields of 
digital and analogue computers, mathematical analysis, 
circuit design, information theory, microwaves, and sys- 


tems engineering. Applicants should be U.S. citizens- 
Salary commensurate with education and experience. 
For application form write the Director, Moore School, 
University of Pennsylvania, 200 South 33rd Street, 
Philadelphia 4, Pennsylvania. 


WIRE LINE CARRIER SYSTEMS ENGINEER 
wanted for high-level position with managerial respon- 
sibilities in established electronics manufacturing com- 
pany. Should have 5 years’ experience in wire line 
carrier telephone work, with at least 2 years spent in 
applications, either with manufacturer or large carrier 
operator. Experience in carrier operation in Armed 
Fasose is applicable. Bachelor’s degree or professional 
engineer status required. Some travel, about 10 per 
cent of time, will be necessary. The right man for this 
job will find no quibbling about salary. Stromberg- 
Carlson Company has been pioneering in telephone in- 
dustry for 60 years, and is known for high quality of prod- 
ucts. One of fastest growing companies in the indus- 
try, offering excellent opportunities for advancement. 
Liberal bonus, other benefits. Located in Rochester, 
New York, in heart of beautiful Finger Lakes Country. 
Community noted for fine schools, cultural, recreational 
facilities. Also have openings for several carrier and 
microwave sales engineers. Trust be free to travel in 
limited territory. Successful sales experience required. 
There may be an opening in your area. If you qualify 
for either of above positions, send resume of experience 
to General Manager, Telephone Division, Stromberg- 
Carlson Company, Rochester 3, New York. 


ASSISTANT PLANT ELECTRICAL ENGINEER. 
Position requires degree in electrical engineering to- 
gether with 10 years’ experience involving a thorough 
knowledge of power cupply and distribution, electronics, 
nmeumatic and hydraulic controls, X-ray equipment, 
fighting, air conditioning and refrigeration systems, as 
well as installation and maintenance of various types of 
industrial equipment. Responsibility includes super- 
vision of electrical maintenance group in modern plant 
of approximately 6,000 employees. Excellent salary and 
wontng conditions, Many beautiful places to live and 
play within short distance of our location—which is 
midway between Hartford, Connecticut and Springfield, 
Massachusetts. Backed by 36 years’ experience in the 
aviation industry, we are now expanding rapidly in the 
field of jet aircraft equipment. Job offers real stability. 
Please send complete resume stating qualifications and 
salary requirements to Mr. H. O. Wakeman at Hamilton 
Standard, Division of United Aircraft Corporation, 46 
Bradley Field Road, Windsor Locks, Connecticut. 


WANTED: ELECTRICAL & ELECTRONIC DE- 
SIGNERS—Men with college hesheroune and experi- 
ence in the marine field preferred. Write giving educa- 
tion, experience, salary desired, etc. M. ROSENBLATT 
& SON, Naval Architects & Marine Engineers, 111 
Broadway, New York 6, N. Y. 








for experienced 


ELECTRONIC ENGINEERS & 


and 


ELECTRONIC TECHNICIANS 


If you can develop new computer cir- 
cuits using magnetic cores, transistors, 
printed wiring, and other new tech- 
niques, we have a good position avail- 
able for you. 

You will work with the outstanding 
computer men who developed the ERA 
1101, ERA 1102, and ERA 1103 Com- 
puter Systems, the Univac File Comput- 
er, ERA magnetic drum memories, and 
other equally famous Remington Rand 
systems. 

Computer experience is not necessary. 
Your proficiency in related fields will be 
rewarded from the start, and you will 
work in the fastest-growing organization 
in the data-processing field. Opportuni- 
ties for advancement will be numerous. 

Positions are also available for new 
engineering graduates and technicians 
who want to learn digital techniques and 
systems. Pay, special benefits, and 
opportunities for advancement are most 
attractive. 





Please send an out- 


tomorrow's OPPORTU 


Flemington. Bland 
























ILLUSTRATED — 


Designs for new Remington Rand ERA com- 
puters that are now under development. 
Upper: general purpose digit register. 
Lower: packaged transistor logic element. 





line of your training 
and experience to 
Mr. J. N. Woodbury: 














ENGINEERING asearci Associates DIVISION 


1902 W. Minnehaha Ave. ¢ 


St. Paul W4, Minnesota 
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“Send” OFFERS 
3 SENIOR ENGINEERING JOBS 


WELL WORTH LOOKING INTO... 


Senior Engineer 


MEASUREMENTS 
& STANDARDS 


7-10 years in field of electrical 
and electronic measurements 


Senior Engineer 


DYNAMICS 


Senior Engineer 


ELECTRONICS 








6-10 years experience in ana- 
lytical dynamics and control 
system synthesis. Some famili- 
arity with structural dynamics 
and microwave systems is de- 
sirable. Ability to direct and 
train engineers. Advanced 
formal training in analytical 
dynamics and/or servo loop 
analysis is essential. 


and standards. Knowledge of 
and experience with calibration 
of instruments and test equip- 
ment in fields of vibration, 
impact, microwave, UHF & VHF, 
video and audio and associated 
equipments such as DC and AC 
meters, ‘scopes, bridges and 
recorders. Supervisory ability 
required, 


6-10 years experience 
In missile or radar 
electronics. Advanced 
education or equivalent 
development experi- 
ence is highly desirable. 





Here are three especially attractive job op- 
portunities for engineers who want to get 
on the ground floor in the important, in- 
teresting, and challenging phase of a new 
industry —guided missiles. 

Qualified men are given real job responsi- 
bilities with Bendix and grow with the de- 
velopment of what is not only the nation’s 
most important weapon system, but a project 
that will undoubtedly lead to new and im- 





portant long-range commercial application. 

At Bendix you will be associated with top 
missile authorities and have at your command 
unexcelled engineering and manufacturing 
facilities. Salaries for these top jobs and other 
opportunities are open for discussion. Write 
today to: Mr. W. L. Webb, General Manager, 
Missile Section, Bendix Products Division, 
Bendix Aviation Corporation, 402 North 
Bendix Drive, South Bend, Ind. 





23 OTHER ENGINEERING POSITIONS! 


Bendix also offers unusual job opportunities detail every phase of our guided missile oper- 
for assistant engineers, junior engineers, ation will be sent to you on request. If you are 
and technicians, as well as a score of other interested in guided missiles, this book is 
assignments. A 30-page book describing in bound to interest you. Write for it today. 
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READ WHAT HAPPENED WHEN 
WE PUT OURSELVES IN THE 
"ENVIRONMENTAL TEST CHAMBER" 


Both the Electronics and the Air Arm Divisions of the West- 
inghouse Electric Corporation are expanding. We need experi- 
enced electronic engineers for advanced design and development 
work . . . so we put ourselves in the ‘environmental test 
chamber” to see just what we have to offer the people we need. 


We found that we have a professional atmosphere that is 
ideal for the engineer. We offer advanced study at company 
expense and merit promotions that assure a good future. 


Our income and benefit advantages scored high on this test, 
too. Finally, there were many “extras,” like the Westinghouse 
Patent Award Program, that make investigation of the current 
openings worthwhile for all electronic engineers. 


Openings exist in the fields of — 
COMMUNICATIONS BOMBER DEFENSE 

(Microwave) MISSILE GUIDANCE 
FIRE CONTROL FIELD ENGINEERING 
RADAR TECHNICAL WRITING 
COMPUTERS 





APPLY NOW- 


Send resume outlining education and experience to: 


Technical Director 

Dept. 191 

Westinghouse Electric Corporation 
2519 Wilkens Avenue 

Baltimore 3, Md. 


ILLUSTRATED BROCHURE 
WILL BE SENT TO 
ALL APPLICANTS. 


TO APPLY- 
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Engineers 
Scientists 


The United States Naval Ord- 
nance Plant at Indianapolis is 
now offering opportunities to 
engineers and scientists in the 
fields of research and elec- 
tronic airborne fire control 
systems. This includes radar, 
servomechanisms, visual and 
nonvisual sighting elements, 
controls, gyros, computers 
and associated electrical and 
electronic circuitry. 


These positions are offered 
to qualified engineering and 
scientific personnel, with or 
without experience, who have 
degrees in physics, mathe- 
matics and engineering—elec- 
trical, electronic, or mechani- 
cal. Starting salaries range 
from $4035 to $6940 per year 
with opportunity for promo- 
tion above these levels. Po- 





tential applicants should 
write to: Industrial Relations 
Officer, United States Naval 
Ordnance Plant, Indianapolis, 
Ind. 











Weeeeeeesevesescenece . 
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CORROSION 
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Prominent engineéring and 
construction firm with head- 
quarters in New York has 
permanent positions open for 
graduate Electrical Engineers 
or equivalent. 


Attractive starting salary 
with opportunity for advance- 
ment. Minimum 4 years 
experience in field testing 
and design of corrosion miti- 
gating systems required. 
Must be willing to travel. 


Submit resume of 
experience, education 
and personal data to: 





Box 322 
Electrical Engineering 


500 Fifth Avenue 
New York 36, N. Y. 
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Professional Engineering Directory 


Professional Engineering Directory Card 1” x 2” 


12 times $120.00 




















AIRP INTERNATIONAL 
AK PRODUCTS CO. ENGINEERING COMPANY, INC. MINER and MINER 

Development Division Shethien 

Specialists in the Investigati Reperte—Design Consulting Engineers 
Design and Manufacture of Pr t—Field Engineering Incorporated 
Unusual Transformers and Relays D stic and Foreign 
Middle River Baltimore 20, Md. yp ty rat: gr: So Greeley Colorado 
BLACK & VEATCH JACKSON & MORELAND Consult 


Consulting Engineers 


Electricity— W ater—Sewage—Industry 
Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


Engineers and Consultants 
Design and Supervision of Construction 





Reports—Examinati Appraisals 
Machine Design—Technical Publications 
BOSTON NEW YORK 


Z. H. POLACHEK 
Registered Patent Attorney 
1234 BROADWAY 
(At 31st St.) 


New York 1, N. Y. 
PHONE 
LO. 5-3088 








DeLEUW, CATHER & COMPANY 
Consulting Engineers 
Transportation, Public Transit and 
Industrial Problems 
———— Plants—Grade Separations 


ways—Expresswa 
Tu uni ead Plants—Municipal Works 


150 N. Wacker Drive, CHICAGO 6, II. 
79 McAllister St., SAN FRANCISCO 2, Calif. 


q CONSULT THIS DIRECTORY 
when in need of specialized 


engineering service 


FRANCIS W. RINGER 
Consulting Corrosion Engineer 


Cathodic protection and stray current control 

on buried and submerged metallic structures. 

Testing, design, and specifications for corro- 
sion mitigation. 


7 Hampden Ave. Narberth (Suburban Phila.) 
Phone MOhawk 42863 Pennsylvania 








Electrical Testing 
Laboratories, Inc. 
Electrical, mechanical, photometric, radio- 
metric and chemical laboratories, rendering 
testing, h and ciated services, 
including certification, i cti at factori 


- 


and field investigations. 
2 East End Avenue at 79th St., New York 21 








THE KULJLAN CORPORATION 
Engineers @ Constructors ¢ Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydro, Diesel) 


Utility e Industrial e Chemical 
1200 NO. BROAD ST., PHILADELPHIA 21, PA. 


SANDERSON & PORTER 
ENGINEERS 
AND 
CONSTRUCTORS 


REPORTS AND SURVEYS 
NEW YORK, NEW YORK 








TRANSISTOR ENGINEERING 
S. Moskowitz D.D. Grieg N. J. Gottfried 
Product Transistorization, Complete Service in 
consulting, research, development and pro- 


duction on transistor circuitry, products and 
instruments. 


Electronic Research Associates, Inc. 


67 East Center Street, Nutley, N. J. 
NUtley 2-5410 


PETER F. LOFTUS 
CORPORATION 
Design and Consulting Engineers 


Electrica] ¢ Mechanical ¢ Structural 
Civil e Thermodynamic e Architectural 


First National Bank Building 
Pittsburgh 22, Pennsylvania 


SARGENT & LUNDY 
ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 











FREDERICK RESEARCH CORP. 
BETHESDA 14, MARYLAND 

Tel: Washington, D. C., OLiver 4-5897 
Research Studies, ter > Seetieeiens. 
Development, Engineerin Prototype Manu- 
facture, Technical Writing” Drafting, Art Work 
Offset Printing—In fields related to Elec- 
tronics Test Equipment, Radio Interference, 
VHF- Tuners and Circuits, Missiles, 
Electromechanical Systems and Components. 





N. A. LOUGEE & COMPANY 


Engineers and Consultants 
REPORTS—APPRAISALS—DEPRECIATION 
STUDIES—RATE CASES—BUSINESS 
AND ECONOMIC STUDIES 


120 Broadway New York 


THE J. G. WHITE 
Engineering Corporation 
Design—Construction—Reports— 
Appraisals 


80 Broad Street NEW YORK 














HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 


Design, Development and paegaiestause 
“a Transformers, Chokes Etc. 


for the 
Electronic, Industrial and Allied Fields 
90 Magnolia St., Westbury, L.I., N.Y. 
WE-7-2933 














MEASUREMENTS CORP. 
RESEARCH & MANUFACTURING 
ENGINEERS 


Harry W. Houck Martial A. Honnell 
John M. van Beuren 
Specialists in the Design and 
Development of Electronic Test Instrument 


Boonton, N. J. 








PROFESSIONAL SERVICES 


over a wide range are offered 


by these cardholders 
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AMON 


SG 


IMPORTANT 


ACTIVITIES AT HUGHES 


is A PROGRAM 


INVOLVING 


COMPREHENSIVE 


TESTING AND EVALUATION 


IN CONNECTION WITH 


HUGHES-DEVELOPED 


RADAR FIRE CONTROL 


AND NAVIGATION SYSTEMS 


FOR LATEST TYPE 


MILITARY ALL-WEATHER 


INTERCEPTORS. 


Test 


Engineers 


SCIENTIFIC AND ENGINEERING STAFF 


Hughes 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


Convair F-102 
all-weather interceptor. 


There is need on our Staff for qualified 
engineers who thoroughly understand 
this field of operation, and who have 
sufficient analytical and theoretical 
ability to define needed tests; outline 
test specifications; assess data derived 
from such tests, and present an evalu- 
ation of performance in report form. 


Engineers who qualify in this area should 
have 1 a basic interest in the system concept 
and over-all operation of test procedures; 
2 experience in operation, maintenance, 
“debugging,” development, and evalua- 
tion testing of electronic systems, and 
knowledge of laboratory and flight test 
procedures and equipment; 3 under- 
standing of basic circuit applications at all 
frequencies; 4 initiative to secure sup- 
porting information from obscure sources. 


The APPLIED PHYSICS LABORA. 
TORY of THE JOHNS HOPKINS 
UNIVERSITY offers an exceptional 
opportunity for professional advance- 
ment in a well-established Laboratory 
with a reputation for the encourage- 
ment of individual responsibility and 
self-direction. 


Our program of 


GUIDED MISSILE 
RESEARCH and DEVELOPMENT 


provides such an opportunity for men 
qualified in: 


Design and Analysis of Pulse Circuits 


R h and Development in Radar and 
Microwaves 





Electronic Packaging 


Development of Telemetering, Data Proc- 
essing, and Special Switching Equipment 


Magnetic Amplifier Design and Analysis 


Development and a ena of Printed 


Servomechanisms and Control-System Analysis 


Please send your resume to 
Pr. £ 2 J Staff App Lab, 4 














RESEARCH AND 


DEVELOPMENT LABORATORIES 


Culver City, Los Angeles County, California 





APPLIED PHYSICS LABORATORY 
THE JOHNS HOPKINS UNIVERSITY 


8621 Georgia Avenue 
Silver Spring, Maryland 





PHYSICISTS 


FOR THE NEW EXPANDING 
& ELECTRONIC TUBE DIVISION OF 


Westinghouse 


HH in Elmira, New York Fe 


.... Where you will find challenging oppor- 
tunities, and receive professional recognition. 
Work and live in the beautiful Southern Tier 
of New York State ...in an uncrowded rural 
ae. with complete advantages of 
city life. 


DESIGN, DEVELOPMENT and APPLICA- 
TION ENGINEERS: Image Orthicon or 
Vidicon, receiving tubes. 


MICROWAVE TUBE DESIGN ENGRS: 


Design of Magnetrons, Traveling wave tubes, 
TR and ATR tubes, reference cavities. 











Above openings are for Engrs & Physicists 
withB.S., Master's or Doctor's degree. Also: 


ELECTRICAL ENGRS For Equipment 
Design: Designing, costing, and guiding con- 
struction of processing and testing equipment 
e.g. seasoning and test units, induction heat- 
ers, X-ray aopcontng and test units, wave guide 
apparatus, high frequency oscillation test 
units, automatic receiving tube test circuits. 


MANUFACTURING ENGRS: _ Electrical 
and Mechanical engineers, and physicists to 
work on microwave, image orthicon, and other 
tube types. 

Interviews in your area, or travel’ expenses 
paid for interviews in Elmira. Send resume: 
WESTINGHOUSE ELECTRIC CORP. 
Electronic Tube Div. Elmira, N. Y 
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} AIEE 
REPORTS 


These publications are pro- 
posals for new standards or 
test codes, or revisions of 
present publications, which 
are in the formative stage. 

They are made available, 
without cost, so that all in- 
terested individuals may ob- 
tain them for study and com- 
ment, thereby supplying 
practical experience in their 
use before submission for 
adoption. 


1A General Principles for Rating 
of Electric Apparatus for 
Short-Time Intermittent o1 
Varying Duty (Sepbember 
1941) 

1C_ Test Code for Evaluation of 
Systems of Insulating Mate- 
rials for Random-Wound 
Electric Machinery (Janu- 
ary 1954) 

16A Electric Control Apparatus for 
Land Transportation Vehi- 
cles (April 1951) 

52 Application Guide for Ground- 
ing of Instrument Trans- 
former Secondary Circuits 
and Cases (March 1951) 

53 Proposed Guide for Operation 
and Maintenance of Dry 
Type Transformers with 
Class B Insulation (October 
1952) 

54 Standard, Test Code, Recom- 
mended Practice for Induc- 
tion and Dielectric Heating 
Equipment (October 1952) 

56 Insulation Maintenance Guide 
for Large AC Rotating Ma- 
chinery (May 1954) 

450 Guide for Specification of 
Electronic Voltmeters (April 
1955) 

451 Guide for Specification of Sig- 
nal Sources (April 1955) 

452 Guide for Specification of 
Cathode - Ray Instruments 
(April 1955) 

504 Test Code for Carbon Brushes 
(October 1953) 

505 Proposed Test Code for Power 
Factor Testing of Power 
Transformers (January 1955) 

802 Test Code for Carbon-Pile 
Voltage Regulators for Air- 
craft (April 1955) 

954 Application Guides for: 
Ground-Fault Neutralizers; 
Grounding of Synchronous 
Generator Systems; and 
Neutral Grounding of Trans- 
mission Systems (October 
1954) 


No charge for copies 


American Institute of 


Electrical Engineers 
33 West 39th St., New York 18 
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YO Ore am Engueer 
who wants to go Places 


You are Invited to Check with 


AUTO-LITE 





Every day there are new challenges 
for the alert engineers who work in 
the Engineering Division of Auto-Lite. 
Because Auto-Lite makes many prod- 
ucts, you can broaden your experience 
working in one of these fields: rotat- 
ing machinery, ignition, hydraulics, 
spark plugs, plastics, electronics, in- 
strumentation, controls and others. 


You may find just the spot you have 
been looking for .. . the challenge 
you would welcome .. . the chance 
to turn loose your creative abilities. 

At Auto-Lite you get company-paid 
hospitalization and insurance, an at- 
tractive retirement plan and an oppor- 
tunity to use your creative talents 
to further your professional stature. 








PLASTICS 
ENGINEER 











An exceptional opportunity for a 
plastics engineer with experience in 
compound formulation, blending and 
fabrication. Must be familiar with all 
types of compounding materials and 
with extrusion techniques. Applicants 
should preferably have a degree in 
chemistry. 





ELECTRONICS ENGINEER 
OR PHYSICIST 











If you have experience or ability in 
design, construction and evaluation of 
high voltage, high frequency circuits, 
we have an exceptional opportunity 
in which you will be interested. Posi- 
tion requires applicant capable of 
designing circuits incorporating trans- 
istors, magnetic amplifiers and semi- 
conductors. 





GRADUATE 
ELECTRICAL ENGINEER 











Preferably with some experience in 
d.c. equipment such as motors, genera- 
tors, or control devices, for laboratory 
and development work. 





INSTRUMENTATION 
ENGINEER 











Once in a lifetime opportunity for 
physicist or electronics engineer with 


ability to design, construct and install 
setups used to obtain data on engine 
ignition and performance. Setups will 
be diversified so that projects might 
require mechanical and electronic in- 
strumentation as required to best 
obtain information. Also included will 
be design of auxiliary control circuits 
and writing of operation manual to 
be used by experimental department 
personnel. 





MECHANICAL 
ENGINEER 











Graduate Engineer with several years’ 
experience on small hydro-mechanical 
devices. Capable of checking designs 
for production. 





ELECTRICAL DESIGN 
ENGINEER 








To do product designing of rotating 
electrical equipment. Must be a gradu- 
ate engineer and should have had 5 
to 10 years’ experience in D.C. motor 
and/or generator design. Automotive 
experience desirable but not essential. 





MECHANICAL 
ENGINEER 











Graduate Engineer with several years’ 
design experience in hydraulics, small 
high pressure pumps, automotive 
hydraulic devices, etc. 


Write Todow Director of Personnel, The Electric Auto-Lite Company, 


Toledo 1, Ohio. You can make your letter as brief as you like. This may be 
your chance for the engineering future you have been looking for. 
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Sandia 


encineers 


oto ilata i 





Sandia Corporation operates Sandia Laboratory under contract 
with the Atomic Energy Commission. Sandia engineers and 
scientists work in the forefront of a new field — the design and 
development of atomic weapons vital to the nation’s defense. 
Graduate engineers and scientists will find excellent profes- 
sional opportunities in these specific fields: 





ENGINEERS — Mechanical, electrical, electronic; with BS or 
higher agree. Design, development, and preparation for pro- 


duction of electro-mechanical systems and components, elec- 
tronic devices and test sets, antennae, test and design evalua- 
tion of electrical and mechanical components. 


PHYSICISTS AND ENGINEERING PHYSICISTS — with MS or PhD 
degrees. Openings for classical theorists, experimentalists, in 
the fields of weapon systems analysis, blast wave propagation 
and diffraction, evaluation of present weapon designs, recom- 
mendations for new weapons. 


MATHEMATICIANS — PhD level, in field of applied mathe- 
matics, probability studies, fluid dynamics, statistics, weapon 
systems analysis. 


AERODYNAMICISTS — PhD, MS, or BS with at least 5 years 
experience. To perform analytical or experimental aero studies. 


QUALITY CONTROL, TEST & EVALUATION ENGINEERS — Set up 
and perform electro-mechanical tests, environmental testing, 
evaluate results, devise new test methods, statistical quality con- 
trol. Appropriate college degrees required. 


Sandia Laboratory is located in Albuquerque — a modern, 
cosmopolitan city of 160,000, rich in cultural and recreational 
attractions and famous for its delightful year-around climate. 
Working conditions are excellent. Employee benefits include 
liberal paid vacation, free group life insurance, sickness bene- 
fits, and a generous contributory retirement plan. Compensa- 
tion is competitive with that offered in other industry, and there 
are many opportunities for advancement. Housing is readily 
obtained, and accepted applicants receive a generous moving 
allowance. Personal interviews will be arranged for qualified 
applicants. For additional information, or to apply for em- 
ployment, please write: 


PROFESSIONAL EMPLOYMENT DIVISION 551 





SANDIA BASE ALBUQUERQUE, NEW MEXICO 





ENGINEERS 








SIEPULse AVIATZOo'y 
FARMINGDALE, LONG ISLAND, NEW YORK 











Antenna Engineer 

To conduct pattern studies, de- 
sign prototype antennas and 
supervise flight tests of new an- 
tenna installations. College 
aa in Physics, Math or 


Electronic Instrumentation 
Engineer 
Three to five years aircraft in- 
strumentation experience re- 
uired. Knowledge of trans- 
yma amplifiers and recording 
equipment used in experimental 
research testing of hi-speed jet 
aircraft is essential. Knowledge 
of servo loop theory as — 
to aircraft systems coupled with 
ability to properly instrument, 
record and analyze is desirable. 
Graduate with I.E. degree pre- 
ferred. 


Electronics Engineer 

Familiar with airborne electronic 
equipment (communications 
navigation I.F.F., Radar an 
Autopilots), preferably with 2 to 
4 years aircraft experience. 
Should be a college graduate. 
Duties will include system in- 
vestigations, establishing test 
procedures and conducting en- 
vironmental tests on airborne 
electronic equipment and com- 
ponents. 


Senior Power Plant Engineer 


Three to eight years aircraft 
power plant experience. Capable 
conducting power plant testing 
in conjunction with jet engine 
and induction system analysis. 
B.S. in M.E. or A.E. 


Assistant Chief Engineer 
Administration 
Mr. R. L. Bortner 










Creative 
Opportunities 





Please address complete resume, outlining 
details of your technical background, to: 


¥ 
Pal 
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ENGINEERS and DESIGNERS NEEDED 


MISSILE GUIDANCE 
SYSTEMS 


for: 


JET AND TURBO-PROP 
ENGINE CONTROLS 























Ce 


BOMBING NAVIGATIONAL 
COMPUTER SYSTEMS 


GM CAREER OPPORTUNITIES IN 


Systems Engineering and Analysis 
Experimental Engineering 
Development Engineering 
Project Coordination 


AND WE ALSO NEED: 
DESIGNERS 


Positions Are Permanent 









NEW CIVIL AVIATION 
PRODUCTS 


AIRBORNE FIRE 
CONTROLS 





Design Engineering 
Product Engineering 
Product Evaluation 

Field Engineering 















CHECKERS - 


Mr. Louis R. Berks 
Supervisor of Employment 


AC SPARK PLUG DIVISION 
Precision Instrument Plant 


LAYOUT MEN 


Excellent Advancement Opportunities 
Every inquiry treated confidentially and given 
immediate attention and personal reply. 


WRITE TODAY FOR EMPLOYMENT APPLICATION 













GENERAL MOTORS CORPORATION 


Milwaukee 2, Wisconsin 
















































ENGINEERS 


for immediate placement 


ENGINEERING AT NCR: 


1. Immediate, permanent positions in Mechanical 
and Electrical Engineering Divisions. 


2. Engineering project work involving. design and 
development of mechanical, electronic, and electro- 
mechanical devices, and the production engineering of 
electronic data processing equipment in Business Machine 
applications. 


3. Some experience in development, design, and 
application of high-speed, light-weight mechanisms of the 
intermittent motion type is desirable, but not essential. 


4. Openings also for Mechanical and Electrical 
personnel for writing technical and application litera- 
ture describing newly-developed machines. 


5. Ample training and indoctrination is available 
to all employees. 


ACT AT ONCE—Send resume of your education 





and experience to: EMPLOYMENT DEPARTMENT, TECHNICAL PROCUREMENT SECTION 


THE NATIONAL CASH REGISTER COMPANY 
Dayton 9, Ohio 


ELECTRICAL ENGINEERS 
MECHANICAL ENGINEERS 
ELECTRONIC ENGINEERS 
MECHANICAL DRAFTSMEN 


AS AN NCR ENGINEER you, with your family, will 
enjoy: 


1. UNLIMITED OPPORTUNITY in the broad, ever- 
expanding field of Business Machine Engineering. 

2. AN EXCELLENT SALARY, plus exceptional bene- 
fits of lifetime value for you and your family. 

3. A RECREATIONAL PROGRAM for year-round 
enjoyment of the entire family including a new Country 
Club with 36 holes of golf, and a 166-acre park for 
outings with swimming, boating, and supervised play for 
the children. 

4. LIVING IN DAYTON...considered one of the 
cleanest and most attractive cities in the Midwest with 
outstanding school facilities. 

5. YOUR WORK AT NCR with its friendly, family 
atmosphere, with its employee morale at a very high 
level, and with people who, like yourself, have decided 
to build their professional future with NCR. 
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Ultra-thin tape for bobbin cores is rolled to 
high precision standards for thickness and 
finish on our own 20-high Sendzimir cold 
reducing mill, beta-ray controlled. 


Wile for BULLETIN TC-108 


“TAPE-WOUND BOBBIN CORES 
FOR COMPUTER APPLICATIONS” 


Includes essential data on applications and 
properties, fabrication and testing of Arnold 
Bobbin Cores; lists standard sizes, etc. 


ADDRESS DEPT, EL-57 


SSCSSSSHSSSSSHSSSSSSSSESESESSESSSSSSSSESSESESSESSESESESEESSESESESEESEEEESESE 


specify BOBBIN CORES hy ARNOLD 


These cores, fabricated by winding ultra-thin tape of high-permeability 
magnetic materials on ceramic bobbin cores, possess ideal qualities for 
use in electronic computer assemblies as memory cells. 

Specifically, their desirable properties include quite rectangular hysteresis 
loops, relatively low coercive values and high saturation densities; plus 
temperature stability and the ability to shift in a few microseconds from 
negative remanence to positive saturation, and vice versa, under conditions 
of pulse excitation. 

Arnold Bobbin Cores are available in a wide range of sizes, tape thick- 
nesses, widths and number of wraps to suit the ultimate use of the core. 
Magnetic materials usually employed are Deltamax, Square Permalloy 
and Supermalloy, in standard thicknesses of .001’’, .0005’’, .00025” 
and .000125’’. Special advantages derive from Arnold’s position as a 
fully-integrated producer of wound cores, able to maintain precise control 
over every production operation . . . melting, rolling, winding, testing, etc. 
© Let us supply your requirements for bobbin cores or any other magnetic materials. 


wéod 56867 
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8439 Steller Drive 


Cole Electric Ca. 


TExas 0-4701 Culver City Calif. 


AIR BREAK DISCONNECTING SWITCH 
34,500 volts — 600 amperes — Type O-2 
Vertical break. Three pole. Single throw. Group"operated. 
One pole shown. 
SILVER TO SILVER CONTACTS 
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Audio and Low Freque 


OSCILLATORS... 
20 Cycles to 2000 Mc 


Frequency Range 


leaded Output/ 
Open Circuit Volts 


Nominal Lood 
Impedance 


Additional Features 





1210-8 
RC Oscillator, 
$140 


20 cycles - 
0.5 Mc (sine or 
square waves) 


80 mw/7v 

40 mw/45v 

0-30v peak to peak, 
square waves 


6002 
12,5002 
2,5002 


Multi-purpose lab signal source — 
converts to Sweep Oscillator with 
1210-P1 Discriminator and 
Synchronous-Dial Drive. 





20- 15,000 c 
(27 fixed (and 


18 mw/6.6v 
100 mw/30v 


6002 balanced 
or grounded 
500022 grounded 


Drift not greater than 0.02% per 
hour after first 10 min. — fre- 
quency range extends to 2 cycles 
with 1301-P1 Extension Unit 





10-100,000 cycles 


40 mw/10v 


6002 balanced 
3002 grounded 
50002 grounded 


Output Voltage Constant «1.0 db. 





1303-A 
Twe-Signel Audio 


$1450 


(1) 20-20,000 cycles 

(2) 20,000-40,000 cycles 

(3) Two signals separately 
adjustable 

(4) Two signals with a 
fixed difference 


Normal-10 mw/5Sv 
High-1 w/50v 


6002 grounded 


ideal for intermodulation distor- 
tion testing — drift less than 7c in 
first hour, completed in 2 hrs. — 
output constant within 0.3 db 





1304-B 


Beat-Frequency 
Oscillator, $555 


20-20,000 cycles 
20,000- 40,000 cycles 


1 w/50v 


6002 balanced 
or grounded 


Converts to Sweep Oscillator with 
908-P — high stability, low hum 





1214-A 


Unit Oscillator, $66 


400, 1000 cycles 
(2 fixed frequencies) 


200 mw/80v 


800082 grounded 
or ungrounded 


Has built-in power supply unlike 
most Unit Instruments. 





1307-A Transistor 


Oscillator, $88 


400, 1000 cycles 
(2 fixed frequencies) 


6 mw/2v 


60022 


Battery operated, with output 
meter — small and compact 





723-C and D 
Vacuum-Tube 
Forks, $185 


400 or 1000 cycles 
(2 models) 


50 mw/3lv max 


50, 500, 50002 


Frequency accuracy to 0.05% — 
max. drift 0.2% occurs first 30 min 





~ eyes = 40 kc 
ke — 5 Mc 


0.1 w/10-15v 


35002 pot 


Log. frequency calibration, high 
voltage, and frequency stability — 
has incremental frequency control 





400 cycles, 4 cycles 
5 kc — 50 M 


0.75 w/12v 


internal 400- and 1000-cycle mod 
ulation — excellent shielding for 


1 w/10v bridge work 





1211-A 


Compact, inexpensive, well 
Unit Oscillator, 
$295 


shielded — frequency increments 
of 0.2% per division 


Medium and 


High Frequency 


0.5-5 Mc 
5-50 Mc 








50-250 Mc Semi-butterfly tuned circuit with 


1215-8 
Unit Oscillator, $190 Converted to Sweep no moving contacts. 
Oscillators with unique 

Sweep Drive 
— output regulated 
with 1263-A Ampli- 
tude Regulating 
Power Supply (de- 
scribed below). 








65-500 Mc = wide range, thorough shield 


1208-8 
Unit Oscillator, $190 








Butterfly circuit avoids uhf tuning 


250-920 Mc difficulties — excellent stability 


1209-8 
Unit Oscillator, 
$235 








900-2000 Mc Audio, pulse, square-wave or fre 
quency modulation from external 


1218-A 
Unit Oscillator, 
$465 source. 





1217-A 


Unit Pulser, 


- — 20022 positive 
t— c I 
$225 (12 fixed frequencies) 


Rise time, 0.05usec — external 
drive possible over range — square 


pulses, 
150082 negative waves at any frequency 


pulses 





1213-AB 1-Mc Crystal provides 
harmonics of 10 kc, 100kc, 


1Mc, up to 1000 Mc 


30 cycles — 20 ke 
3 cycles — 500 kc lv 
30 cycles — 5 Mc 


6v at 10 ke, 100 ke varies with 
lv at 1 Mc frequency 


Stability, | ppm per day — fine 
frequency adjustment provided 





Noise 
Spectrum 


Invaluable audio-test tool — high, 


8002 grounded uniform spectrum -level over range 


“ 
° 
> 
a 
} 
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1210-8, 1211-A, _— 24 3 a, 1298-A, 1217-A, 
1213-AB Require 1203-A Unit Power Supply $40 


SIGNAL GENERATORS 


o-— 


For Modulating Oscillators 
and Signal Generators 
Over Wide Ranges 
with Negligible fm 
1000-P6 
Crystal-Diode Modulator . . . $40 
for wide-band amplitude modula- 
tion over 20-1000 Mc carrier range 
. 50 my, rf and 0.2v at modulation 
terminals produces 30% am; 


modulating frequencies 
from 0 to 5 Mc. 





Output Characteristics 





0.luv-200 mv; 
102 jack 
becomes 502 incremental dial indicates 0.1% of fr eqserey per 
Ske — 50 Mc with series unit division — modulation adjustable 0-80 — 
8 direct-reading supplied, 250 at — = meter; Lape — or 20-15, 
ranges terna _ =1% ca in, high stability, ow 
drift ty negligible foe pom incidental fm. 
302 from 2nd 
jack 





Less than 0.luv Internal — external modulation variable 0 to 
to 2 v — 750 at 100%, indicated on meter — drift less than 
panel; 758 cable =0. im during 5 hrs. continuous operation — 
has termination fay oy increments as 
impedance of than 0.05% incidental 
37.5, 7.1 and tm for full 100% i ston — no leakage or 
0.752 excessive harmonic distortion. no cable errors. 


16 ke — 50 Mc 
7 direct-reading 
ranges 1000-P7 


Balanced Modulator, 


for 0-20 Mc am- 

plitude modula- 

tion over 60 to 2300 Mc 

carrier range — particularly 
designed for 100% linear modula- 
tion and pulsing with fast rise time 
and short duration. $225 








40-250 Mc 
in one band 


250-920 Mc 
one band 


1021-AV 


Butterfly-tuning circuit has no — contacts, 
$595 


No noise, good stability and very low drift — in- 

ternal 1 kc and external amplitude modulation 

adjustable from 0 to 50% — incidental fm under 
ppm over most of range. 








UHF pencil tube with tuned plate and cathode, 
remarkably free of noise modulation — =1% 
calibration; incremental frequency control for 
small adjustments — drift under 0.1% per day 
— 100-10,000 cycles square-wave modulation 
from external source — stray fields cannot be 
detected with receiver having 2uv sensitivity. 


viele em! 


900-2000 Mc 


1021-AW O.5uv — lv at 
$845 one band 502 








GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A 


Sweep Drive 


Adapts M lly-O 


Unique 





To Automatic Sweep 90 West Street NEW YORK 6 


The 1750-A Sweep Drive attaches to knobs, 
dials or shafts for automatic sweeping of oscil- 
lators and other equipment. Sweep Arc, Speed, 
and Center Frequency are all continuously 
variable, even while the Sweep is in motion, and 
jon percentage variations in frequency are 

S is ble from 0.5 to 5 cps 
— a CRO sweep voltage proportional to shaft- 
angular-position is supplied, permitting cali- 
bration of CRO horizontal axis — Limit 


1750-A Sweep Drive . . . $400 


8055 13th St., Silver Spring, Md. 
WASHINGTON, D. C. 


Switch, Universal Coupling System and many 
other features. 

In combination with G-R Unit Oscillators 
covering the range from 0.5 to 2000Mc, a 
versatile and inexpensive system of Sweeping 
Signal Sources is available. The 1263-A Regu- 
lating Power Supply has been developed espe- 
cially for ic sweep lications and 
will hold oscillator output-voltage constant to 
within 2%, independent of frequency. 


York Road & Guernsey Avenue, Abington, Pa. 
PHILADELPHIA 








920 S. Michigan Ave. CHICAGO 5 


1000 N. Seward St. LOS ANGELES 38 
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SAVE on engineering, installation, maintenance 
... SPECIFY a G-E unit substation 


When you specify a General Electric unit substation 
there is practically no planning or engineering for 
you to do. Every G-E unit substation is engineered 
as a complete package—designed to function as a 
co-ordinated unit assuring you of over-all depend- 
ability and low maintenance costs. And unlike piece- 
meal installations where the manufacturer warrants 
only the parts that he supplies, General Electric 
warrants the entire equipment for a full year. 


‘ENGINEERING EXTRAS’’ MAKE G.E. YOUR BEST BET 


The compact G-E three-phase transformer is more 
reliable as it has only half as many bushings as an 
equivalent bank of single-phase transformers. In- 
stallation cost is reduced because the delta and wye 
connections are already made up inside the tank. 


Complete outdoor weatherproof construction saves 
valuable factory floor space or the cost of an expen- 
sive building. The entire equipment is designed to 
reduce maintenance and make servicing fast and 
easy.Vertical-lift breakers let the operator see for him- 
self that disconnect is complete. Reliable magne- 
blast air circuit breakers and G.E.’s Self-X insula- 
tion provide greatly improved fire protection. 


Finally, G-E substations are good-looking. Their 
clean, modern lines will blend in attractively with 
any contemporary plant. For more information 
about G-E unit substations for your plant, contact 
your G-E Apparatus Sales Representative, or write 
to Section 512-7, General Electric Company, 
Schenectady 5, New York. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


ENGINEERING TIME is virtually elim- 
inated. You fill in the guide form 
specifications—G.E. does the rest. 


EASY MAINTENANCE with magne-blast circuit 
breakers—servicing is estimated to be three times 
faster than for similar oil filled breaker. 


mort? 
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FAST INSTALLATION of G-E unit 
substation is possible because unit 
is factory preassembled. 
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